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January 8 th, 1896. 

Dr. Hbitkt Woodward, F.R. 8 ., Proaident, in the Ohair. 

George William Colcnutt, Esq., Hatiway Lodge, Belvedere Street* 
Hyde; and John Collett Mouidon, Esq., A.E.S.M., College Park, 
Adelaide, South Australia, wore elected Fellows of the Society. 

The following Fellows, nominated by the Council, were elected 
Auditors of the Society’s accounts for the precluding year: — Bknrbtt 
H. Brough, Esq., and R. S. Hekriks, Esq. 

The List of Donations to the Library was read. 

The following communications w'ore read : — 

1. ‘ A Delimitation of the Cenomanian, being a Comparison of 
the Corresponding Beds in Southern England and Western Franco.^ 
By A. J. Jukos-Browno, Esq,, B.A., F.G.S., and William Hill, Esq.* 
F.G.S. 

2. ‘The Llandovery and Associated Rocks of Conway.' By 
0. L. Elies and E. AI. R. Wood, Newnhara (Jolloge. (Communicated 
by J. E. Marr, Esq., M.A., F,R.8., Sec.O.S.) 

3. ‘ The Gyj)Bura Deposits of Nottinghamshire and Derbyshire.' 
By A. T. Metcalfe. Esq., F.G.8. 

j;- 

The following specimens were oxhibit-od 

Fossils, rock-specimens, and microscope- sections, exhibited by 
A. J. Jukes-Browne, Esq., B.A., F.G.8., and William Hill, Esq., 
F.G.8., in illustration of their pajKjr. 


January 22nd, 189G. 

Dr. Hrnrt Woodward, F.E.8., President, in the Chair. 

Harr}' Graves, Esq., B.A. Oxon., 5 St. Oswalds Road, West 
Kensin^on, W. ; A. W. Rogers, Esq., B.A., Christ’s College, 
Cambridge; Alfred John Saise, Esq., C.E., Ventnor House, 
Fishponds, Bristol ; and Lionel Leigh Smith, Esq., B.A. Cantab., 
Crowham Manor, Westfield, Battle, Sussex, were elected Fellows 
of the Society. 

The list of Donations to the Library was read* 
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Mr. W. W. Wattb, in the absence of Prof. Lapworth, called 
attention to three 8])ccimcns of sandstone and limestone containing: 
specimens of some species of HijoUthes^ which Prof. Lapworth had 
found in the higher part of the Cambrian quartzite at Nuneaton, in 
Warwickshire. Three of the species recognized (Hifolithes princeps, 
Coleoloides typicali% and Stenotheca rugosa) occur in the OleneUus- 
beds of America, and three others, Torrelhlla Icp^ngata, Hyolithes 
(Orthotheca) cormolus^ and 7/. (le Geeri^ in the same rocks in ISurope. 
The Olenelhis-zonc of Nuneaton occurs al)Ove the main mass of the 
quartzite and below the Stockingford Shales, in a series of rocks 
only recently exposed by quarrj’ing. 

The following communications were road : — 

1. ‘ On the Speoton Series in Yorkshire and Lincolnshire/ By 
G. W. Lamplugh, Esq., F.G.S. 

2. *On some Podophthalmatous Crustacea from the Cretaceous 
Pormation of Vancouver and Queen Charlotte Islands/ By Henry 
Woodward, I.LB., F.R.S., P.G.S. 


3. ‘ On a fossil Octopus, Calais Neiohohlli (J. de C. Sby., MS.), 
from the Cretaceous of the Lebanon.’ By llcury Woodward, LL.D., 

F. K.S., r.G.s. 

4. ‘On Transported Boulder Clav.* By the Kev. Edwin Hill, 
M.A., F.G.S. 

The following specimens were exhibited : — 

Fossils from the Speeton Series in Yorkshire and Lincolnshire, with 
a microscope-section of a so-callcKl ‘derivative pebble’ from the 
nodular bed at the base of the Spilsby Sandstone, exhibitxjd by 

G. W. Lamplugh, b^q., F.G.S., in illustration of his paper. 
Specimens of Callianassa WhiUavmi^ Homalopsis liichardsonif 

and Plagiolojthtis vanconverensis, from the Geological Survey of 
Canada, with two of the latter from the Society’s Museum, exhibited 
by Dr. Henry Woodward, F.R.S., P.G.S., in illustration of his first 
paper. 

A specimen of Calais NewlMU, from the Cretaceous of the 
Lebanon, from the Society’s Museum, exhibited by Dr. Henry 
Woodward, F.R.S., P.G.S., in illustration of his second paper. 

Specimens of Hyolithes-smdatone (OkneOtis-zone) recently dis- 
covered at Nuneaton, exhibited by Prof. Charles Lapworth, LL.D., 
F.KS., F.G.8. 
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February 5th, 1896. 

Dr. Hexkt Woodward, F.R. 8 ., President, in the Chair. 

Colonel Charles Kendal Bushc, Braiuhope, Blackheath Road, Old 
Charlton. Kent, and John Turner, Esq., Donisthorpo, Ashby-do-la- 
Zouch, were elected Fellows of the Society. 

The List of Donations to tho Library was read. 

The folio wing communications were read : — 

1. * (hi the Mnrte Slntes and Associated Beds in Korth Devon and 
West Somerset.— Part I.’ By Henry Hicks. M.D., F.U.S., F.O.S. 

2. * Evidences of (rlacial Action in Australia in Permo-Carboni- 
ferous Time.’ By Prof. T. W. Ed^^ewortli David. B.A., F.O.S. 

Tho followinp: specimens, maps, and phot ographs wore exhibited: — 

Fossils exhibited by Dr. Henry Hicks, F.U.S., F.tj.S., in illus- 
tration of his pn]>or. 

Fossils from North Devon, exhibited by the Rev. H. H. Win- 
wood, M.A., F.O.S. ; and specinuMis of (iraptolites, exhibited by 
John llopkinson, Ksep, F.C.S., in illustration of Dr. Hicks’s paper. 

Glaciated boulders, and photographs of the same*, (whibited by 
Prof. T. W. Edgeworth David, B..\., F.U.S., in illustration of his 
paper. 

Fragment of Boulder from tho Carboniferous Boulder Bed of 
the Pan jab Salt-Range, collected by Dr. H. Warth, exhibiUid by 
Dr. W. T. Blanford, F.R.S., Treus.G.S. 

Australian auriferous specimens, exhibitcnl by tho President on 
behalf of J. C. F. Johnson, Estp, of South Australia. 

Sheets 21, 2(5, and 27 of the I -inch Map with MS. geo- 
logical work by W. A. E. Usshcr, Esq., F.G.S., exhibited by the 
Director-General of H.M. Geological Survey. 

Photograph of the late Martin Simpson, presentc^d by Arthur 
fimith Woodward, Esq., F.L. 8 ., F.G.S. 


b2 



ANNUAL GENERAL MEETING, 


February 2l8t, 1890. 


Dr. Henht Woodward, F.R.S., President, in the Chair. 


Kkport of tuk Council for 1895. 


The contitiucd prosj)erity of the Society from the financial point of 
view must again form a subject of congratulation, and the Council 
have the additional pleasure of pointing out that the decrease which 
had been noticeable in the number of Fellows, mentioned in the 
three previous Annual Ke])ort8, has now' been all but arrested, the 
actual decrease in the total number of Fellow’s announced this year 
being only 1, as compared with 1 1 in 1894, and 4(J in 1893. 

During 1 895 the totjil number of Fellows elected into the Society 
was 43, of whom 32 paid their fees before the end of that year. 
Moreover, fees were received from 12 previously elected Follows, 
and thus the t ottil accession of new Fellow’s amounts to 44 during 
the twelvemonth. 

There w as, on the other hand, a total loss of 45 Fellows during 
the year 1895 — 25 by death, 10 by resignation, and 10 removed from 
the list because of non-payment of their Annual Contributions. 

The actual decrease in the total number of Fellows is, therefore, 
as above staled, 1 . 

Of tlie 25 Fellows deceased, 9 were ComiJounders, 10 were Con- 
tributing Fellow s, and (> w’cre non-Contributing Fellows. 

On the other hand, 9 Fellows compounded during the past year 
for their Annual Contributions. The total accession of Contri- 
buting Fellows is thus seen to bo 35, and the total loss being 
(10 -f 10 -1-10), the increaso in the number of Contributing Fellows 
is 5. 

At the end of 1894 the Council rej)orted one vacancy in the List 
of Foreign Correspondents. In 1895, 4 Foreign Members and 
1 Foreign Correspondent died. The vacancies which thus arose 
were partly filled by the election of 3 Foreign Members and 3 Foreign 
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CorrespoTidente during the past year ; but at the cud of 1805 there 
was still 1 vaciincy in the List of Poreign Members, and 2 vacancies 
iu the List of Poreign Correspondents. 

The totid number of Pellows, Poreign Members, and Poreign 
Correspondents, which at the end of 1804 was lJi2l, stood at 1318 
on December 3l8t, 1805. 

Tlie ScK’iety\s Income and Expenditure in the year under review 
may be summari/ed as follows : — 

The total lleceipts am(»unted to T3240 13#. 4</., being £060 7$. 
more than the estimated Income for 181*5. On the other hand, 
the total Kvpenditure duriiig that year amounted to 1*231*8 5#. ll(f., 
being less by 1181 lU#. 11. than the estimated Kx|K>nditure for 
1805. The actual excess of lleceipts over current Expenditure in 
that year was 1402 18#. 4(f. 

It should be mentioned here that the following Re-investment of 
a portion of the Society’s Funds was made in 1805. Of 2if per 
Cent, (^msolidaled Stock 13700 2#. 0</. was sold at and the 

sum tliiis produced wjis upplitnl to the purclmsi* of 12000 India 
3 |KT Ci'iit. Stock at 10-1, and 1121*5 Midland Railway 4 per Cent. 
Perpetual lVef(‘ren<‘e Stock at 141 L Monaiver, in the various 
Trust Funds held by the Soei(*ty,the tbllowing R(*-inveNtments wore 
made. On account of ilu* Wollaston Fuml lloSI I#. D/. 2.j[ per 
(’ent. CoiisolidaWd Stock was sold at lOljj, and the sum thus 
<)btaincd was ajijdied to the purchase of 11 <*73 Hanij)shire County 
3 per (kmt. Stock at .£*105|J. Similarly, the £50i* ]>cr Cent. 
Consolidated St/ock bclongifig to the Jhirlow-Jamcson Fund was 
sold at I’K*!/*, while 1*108 Orcat Northern Railway 3 ]>cr Cent. 
Deboiitiiro Stock was purchased in lieu of it at lllOj'j; also 
£201* 8#. Off. 2| per Cent. Consolidated Stock forming tin* IJigsby 
Fund was sold at £ 104 ^ 5 , and the sum thus obtaim^l was aj>plied to 
the purchase of £210 Cardiff (’orporatioii 3 j)cr Cent. Stock at 104J. 
It need hardly be pointed out that the object of these Ro-investments 
was to obtain a larger Income while still holding jiorfectly sound 
securities. 

The Council have pleasure in announcing the completion of 
Volume LI. of the Society’s (juarierly Journal and the commence- 
ment of Volume LII. 

The first number of the new Record of Ceologicnl Literature 
added to the Society’s Library was issued (!oncurrently with the 
May number of the Journal in 181*5, and its usefulness seoms to 
have been vcr\' generally recognized. As wjls statfjd in th<5 previous 
Report of the Council, now and in future this publication will 
aijjjear concurrently with the February number of the Socioty^s 
Quarterly Journal. 

The compilation of the Index to the first Fifty Volumes of the 
Quarterly Journal is now all but complcttc, Vol. 48 having been 
reached, and the manuscript will very soon be placed in the hands 
of the printers. It is confidently ho|)ed that the whole of the Index 
will be placed in the Fellows’ hands in the course of tho present 
year. 
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The question as to how far it is desirable for the Society to 
maintain a Museum has, for a considerable time, been under the 
earnest consideration of the Council, and it was felt that if the 
Society decided that the maintenance of the collections in their 
present condition was undesirable, the British Museum (Natural 
History) would probably be the most satisfactory receptacle for 
them. The Council have accordingly been in communication with 
the Trustees of the British Museum, and find that they would be 
willing to receive such portions of the coUections as the Society 
may wish to transfer to them on the following conditions : — The 
specimens which arc types and those which illustrate papers read 
before the Society are to be preserved and maintained apart, and the 
Trustees will reimburse the Society for the expenses in connexion 
with the transference up to a sum not exceeding £300. 

The provisional assent of the Trustees of the British Museum to 
these conditions was formally given at their meeting of January 2oth, 
1890; and as the ultimate dtjcision regarding the proi)08ed trans- 
ference must rest with the general body of Bellows, the subject will 
no doubt be brought forward at a S])ecial General Meeting at an 
early date. 

Meanwhile, a short summary of the steps taken in connexion 
with the Museum may here be brought to the notice of the 
Fellows. 

On April 22nd, 1801, the attention of the Council having been 
drawm by the Bev. J. F. Blake to the unsatisfactory state of the 
8ooiet3’’s Museum, as regards defective labelling, incomplete regis- 
tration, bad conditions of location and preservation of siweimens, 
etc., a Special Committee was apj)oiiited to examine into the 
question. On May 27th, that Committee finally reported to the efl’ect 
that it was desirable to select and register all specimens illustrating 
the history of the Society (including tyj>e-spec*imcn8), and called 
attention to collections of simple minerals, ty])ical foreign rocks, 
and recent shells, with a view to their possible removal. This 
report was adojded by the Council the same day (May 27th, 1891), 
and Mr. C. Danes Sherborn, F.G.S., was afterwards requested to 
undertake the work of registration of im|)ortant specimens thus 
Belected. This task ^Ir. Sherborn proceeded with as rapidly as the 
state of his health would allow. Ho completed it, so far as the 
English Collections were concenied, and, by the end of 1895, had 
gone through part of the Foreign Collection, having, in all, examined 
about three-fifths of the Society's Museum. 

An epitome of the contents of the Museum and a statement of 
the work accomplished were laid before a Special Committee on 
October 20th, 1895, and that Committee reported on November 6th 
to the Council, recommending the transference of the Museum to the 
National Collections on the conditions already cited, reserving to 
the Bociet}^ such specimens of historical interest or of an ornamental 
nature as are dismayed on the walls of the Society’s Apartments. 
This Report was, after careful consideration, adopted by the Council 
on November 20th, 1895. 
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If the Society decide apon the transference, the space, when 
vacated by the collections, would become available for the Library ; 
and the Council must point out that the provision of further accom- 
modation for books will soon become a matter of urgent necessity. 
As it is, the proper and commodious arrangement of many of the 
serial publications is hampered for want of room. 

The Council are of opinion that the lledecoration of the Society'^s 
Apartments and the introduction of the Electric Light constitute 
improvements which it is desirable to carry out at an early date. 
The total cose would probably amount to between X700 and £800, 
and the Balance Sheet placed in the hands of the Fellows shows 
that the necessary expenditure could bo almost entirely provided 
for from the surplus that has accrued during the last few years. 
At the same time, the expense of only a portion of the necessary 
Kcdecoration is included with that of the Electric Inshillation in 
the Estimates for the current year, so t hat the whole expenditure 
may be spread over a jHiriod of not less than two years. 

The following awards of Medals and Funds have been made by 
the Council : — 

The Wollaston Medal is awarded to Prof. Eduard Suoss, For. 
Menib. G.vS., of Vienna, in recognition of his long and brilliant 
services to the cause of Geological Science. 

The Murchison Medal, with a sum of Ten Guineas, is awarded to 
Mr. T. Mellard lloadc, F.G.S., in recognition of the value of his 
work on mountain-making. Glacial drifts, and other branches of 
post-Plioccne geology. 

The Lyell Modal, with a sum of Twonty-fivo Pounds, is awarded 
to Mr. Arthur Smith Woodward, F.G.S., in recognition of the value 
of his work on Fossil Vertebrata, and especially in Pahcichthyology. 

The Balance of the Proceeds of the Wollaston Fund (together 
with a sum of Six Pounds h’ifteen Shillings transferred from the 
Barlow- Jameson Fund, in order to supplement an accidental 
deficiency in the Wollaston Fund incidontd to the aforementioned 
change of investments) is aw'arded to Mr. Alfred Harker, in testi- 
mony of appreciation of his petrological work, and with the view of 
assisting him in further research. 

The Balance of the Proceeds of the Murchison Geological Fund 
is awarded to Mr. Philip Lake, F.G.S., os a recognition of the value 
of his paleontological and other resoarcdics amongst the older rocks, 
and to aid him in the prosecution of these studies. 

A moiety of the Balance of the Proceeds of the Lyell Geological 
Fund is awarded to Dr. W. F, Hume, F.G.8., for his researches on 
Cretaceous rocks and on the Loess formation, and also to assist him 
in further work. 

The other moiety of the Balance of the Proceeds of the Lyell 
Geological Fund is awarded to Mr, Charles W. Andrews, F.G.S,, in 
recognition of the value of his work on Fossil Birds and BeptiLia, 
and to assist him in the prosecution of farther investigatLons, 

An award of Twenty Pounds is made from the Barlow-Jameson 
Fund to Mr, Joseph Wright, F.G.S., in token of appreciation of his 
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work on the microfauna of the Irish Chalk, and with the view of 
aiding him in further research. 

Another award of Twenty Pounds from the Barlow- Jameson Fund 
is made to Mr. John Storrie, of Cardiff, as a mark of appreciation of 
his original work on the geology of the neighbourhood of that town, 
and to assist him in carr)ing out further useful investigations. 

The Council cannot conclude this Report without referring to the 
loss which the Society has sustained in the person of its valued 
and most efficient Assistant-Clerk, Mr. Francis E. Brown, who died 
suddenly in the beginning of August last. He had served the 
Society for upwards of nine years, and had earned the esteem and 
confidence, not only of the Officers and Council, but of all those 
among the Fellows who came into contact witli him. 


Repoet of the Libkaey Commutee for 1805. 

Your Committee have* pleasure in stating that very many valuable 
additions have been made to the library during the past year, both 
by Donation and Purchase. It is, in a large measure, due to the 
liberality of the Fellows, of various public bodies, and of kindred 
societies, that the donations far exceed in amount the purchases : 
this will be readily deduced from the statistics embodied in the 
present Report. 

By Donation the Library has received ab<mt 85 Volumes of 
separately jmblisbod works, B77 Pamjffilets and detached Parts of 
W'orks, 172 Volumes and 2(»7 detached Parts of serial imblications 
(Transactions, Memoirs, Proct^edings, etc.), and Hi Volumes of 
Newspapers. The total addition to the Library by Donation 
amounts therefore to 27if Volumes, B77 Pamphlets, and 2(>7 detached 
Parts. Moreover, 11(» Sheets of Maps have been presented to the 
Society during ibo past year. 

Your Commit tee desire t() call special attention to the magnificent 
Geologic Atlas of the United States, all the sheets of which (so far 
as published) have been presented by the (lovernment of that 
country. Nor liave other public bodies in the United States failed 
in their wonted liberality : among others, the New York, Minnesota 
Missouri, and Alabama State Geological Survfvs have enriched this 
Society's Library with many handsome volumes of memoirs, plates, 
and maps. Three imporUint volumes of the Beit rtigo zur geologischen 
Karte dor Schweiz have boon received from the Swiss Geological 
Commission during the past year, as also a large number of maps 
from the Geological Survey of the kingdom of Saxony. No less than 
twenty-four sheets of maps have been presented by the Geological 
Survey of Canada, and six volumes of memoirs by the Comitd 
G(M)logiquo of St Petersburg. From H.M. Geological Survey have 
come some important memoirs and several sheets of the l-inch map 
(both drift and solid geology) and sheets of horizontal and vertical 
sections; while from H.M, Treasury the Society has received the 
volume embracing the Summary of the Scientific Results of the 
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^ Challeiiger ’ Expedition. The first instalment of the International 
Geologic^ Map of Europe (including seven sheets) has also been 
received, and from the Geological Survey of India has come the 
2nd edition of the small-scale geological map of that Empire. 

A valuable collection of geological papers, many of which are 
now out of print, has been presented by Prof. G. J. Allman, F.R.8. 
Monsieur P. de Loriol-Lefort, For.Oorr.G.8., of Geneva, Senor Don 
Florentiiio Ameghino, of Puenos Ayn's, and the Mareheso A. do 
Gregorio, of Palermo, have resj>ectivcly enriched the Library with 
sets of their own papers and menuiirs; and the Royal University 
of Upsala, besides ])rosentiiig the ‘ Meddelanden’ published by its 
Geological Institute, Ims sent through its lahrnrian a considerable 
number of sepuratidy print (‘d papers by Seandinavian geologists. 

The Society’s collection of portraits of liislori(‘al interest has been 
enriched by the presentation of a drawing in crayoiis of liconard 
Horner, given by Mrs. Katherine Lyell, and a photograph of the 
well-known Yorkshire geol«»gist, Martin Simpson, ;:iven by Mr. Arthur 
Smith Woodward. Moreovt'r. a portrait in oils of the late Doan 
Buckland has ])oen purchased from his (laughter, Mrs. (lordon. 

The Books, Maj»8, and Portraits emiinerated above wore the gift 
of 11)1 Personal Donors, (\2 I’ublic Bodies, and 200 Sociotios and 
Editors of Periodicals. 

The I’urchascs made on the r(‘comnu*n(latioM of the Standing 
Library Committee amounted t(» BO V<»Iuiues and 15 Ihirts of sepa- 
rately published works, 25 Volumes and 20 Parts of works published 
serially, and 10 Sheet s of Majis. 

llio total amount expended u[>oii the Library during the year 


1805 is as follows: — 

£ i, (L 

Books, Periodicals, etc., purchased OS 7 5 

Binding of Books and Mounting of Maps. . . . 00 1 10 

Part cost of preparing Map (Jataloguc B 1 1 3 


X171 0 0 


Your Committee have j)lea8ure in announcing that the; manuscript 
Card Catalogue of the Geological Majis and Sections in the Library 
is now practically completed. 

As tlie question of the Museum has been dealt with by a Special 
Committee who have reported to the (Council, all that need be said 
in this place is that the sum set apart in the Estimates, for regis- 
tering and cataloguing specimens, namely .£50, has boon expended 
during the past year, and constitutes the sole item of expenditure 
incurred in connexion with the Museum in 1^05. 
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The fbOowing lists oontun the Nunes of Government Depart- 
ments, Public Bodies, Societies, Editors, and Personal Donors, from 
whom Donations to the Library have been received daring the 
past year: — 


I. Govebkment Depabtments asd other Public Bodies. 

Alabama. — Geoto)?ical Survey of Alabama. Montg^omery (Ala.). 

Amoiicaii Muflcutn of Natural History. New York. 

Anitria. — Kaiserlich-Koni^liche Geol(^Hchc Reichflanstalt. Vienna. 

— . KaiHcrlich-KuniglicheH Naturhistorischos Hofmuseum. Vienna. 

Baden. — OrosttherzoKliches Ministerium des Innem. Geologiscbe Landasanstaltr 
HoidellM’rg. 

Bavaria. — K<lni^lich Baycrisebefl Obcrbei^mt. Munich. 

California. — State Minins Bureau. San Francisco. 

Canada. — G<‘olopcal & Natural History Survey. Ottawa. 

Finland. — Finlands Gwdopiska Undersokning. Helsingfors. 

Franco. — Depot do la Marine. Paris. 

. M in istiire dt‘H Travaux Publics. Paris. 

. MuH('‘Uin d’llistoire Naturelle. Paris. 

. S«‘rvico do la Carte Ot-ologique. Paris. 

(Jreat Britain. — Anny M<^lical Dopartnieiit. London. 

. British Museum (Natural History'). London. 

. Geological Survey. London. 

. Home Ortice. London. 

. Ordnance Survey. 

. The Lords (\)mmission(5rs of Her Majesty’s Treasury. London. 

Hesse. — Grosshcrzogliches Ministerium des iniiern. Geologiscbe Landosanstalt. 

Dannstadt. ‘ 

Holland. — Departomeiit van Kolonien. The Hague. 

Hungary. — Kdiiigliche Ungarisehe (ieologische Anstalt. Budapest. 

Illinois. — State Museum of Natural History. Springfield (111.). 

India. — GiM)logicHl Survey. Calcutta. 

Italy. — Ih'ule CNnuitato (ieol4gi<‘o d’ltalia. Rome. 

Japan.— (Jetdogical Survey. Tokio. 

La Plata Museum. La Plata. 

Mexi(!o. — Comision G^sth'giea de Mexico. Mexico. 

Minnwota.— (uH)higieal and Natural History Survty. Minneapolis. 

Missouri. — Getilogieal Survey of Missouri. Jetferson City (Mo.). 

New South Wales.— Agent -Geiieral for, London. 

. Australian Mus4‘um. Sydney. 

. Department of Lands. Sydney. 

. Departiiu'iit of Mim*s. Sytluey. 

. Geologii'al Survey. Sydney. 

New York Slate Library. Albany. 

New York State Mustnim. Albany. 

Norway.— Norges GtHdt)giska l-ndersokniiig. Christiania. 

Nova Scotia. — l>epartinent of Miue.s. Halifax (N.S.). 

Perak Government. Tiiiping. 

Portugal. — C^ommissao G<*oh>gica de Portugal. Lisbon. 

IVussia. — Konigliehe PreussUehe GetdtJgische Lundesanstalt. Berlin. 

. KiUiigliches Ministerium fiir Handel und Gewerbe. Berlin. 

Queensland. — Geological Survey. Brisbane. 

Russia. — (\nuiU^ Gtk)logi(iue. St. Petersburg. 

Saxony. — Gt«ologische Laudesuntersuchung des Kunigreichs Sachsen. Leipzig. 
— — . Kimiglicluv Finanz-Ministerinm. Leipzig. 

South Australia, — The Agent-Cieiun-al for, Londou. 

S]>ain. — Comision del Mapa Gtxjlogico. Madrid. 

Sw^en. — Sveri^ Gt'ologiska riidersiikning. Stockholm. 

Switzerland. — ComuuHsioii der Geologisehen Karte. Berne. 

United States Bureau of Ethnology. Waahin^on. 

United States Department of the Interior. Washington. 

United States ‘ Field ’ Columbian Museum. Chicago. 

United States Geological Survey. MTashiiigton. 

United States National Museum. Washin^on. 
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United States Trearary (Mint) Department. Washington. 
Victoria. — ^Dep^ment <n Mines. Melbourne. . 
Washington (D. 0.). — Smithsonian Institution. 

Western Australia. — Department of Mines. Perth. 

, Geological Survey. Perth. 

— . The A^nt •General for, London. 
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U. SOCIETIKS AND EdITOBS. 

Adelaide. — Ro}!!! Society of South Australia. 

Alnwick. — Berwickshire Naturalists’ Oluh. 

Bahia. — Instituto GtHigraphioo e llistorico. 

Barnsley (Ncwcastle-upoii'Tyiie). — Alidhind Institute of Mining, Civil and 
Mechanical Kngiiuvrs. 

Basel. — Schweirerisehe Naturforschende Gesellschafl. 

Bath Natural History and AiitiquHriHU Field I'luh. 

Belfast Natural History and I'hilosojihienl Smuety. 

Belgrade. — Anna)os («eologii|iu«s di* la Poiiinsule Hiilkanique. 

Berkeley (Cal.). — Department of (hHdogy, Cniversity of California. 

Berlin. — Deutsche (ieologisclu' tJesellseliaft. 

. Gmdlschatl N at urforsehender Fri*uiide. 

. Kimigliehe IVeussisehe Akadeitiie der Wissensehaften. 

. ZtMtwrhrift ftir pruktiselu* (hsdogie. 

Berne. — Allgemeine Sehweizerisehe liesellscliaft tiir die gi^summten Naturwisson* 
schafti‘11. 

. N at urforselu'iule ( iesellscliaft . 

Binninghani. — Masim (N)llege. 

. l*hil<wophi«*al ScM'iety. 

Bombay. — l’(K>nu ('<illeg(> of Seieiiee. 

Boston (Miiss.). - American Academy of Arts and Scu'nces. 
ihjston Society of Natural History. 

Brussels. — Aiwb'mie Royale des Sciiiices, d«*s Lettres et lies Beaux>Arts do 
Ihdgiiiue. 

. S^iett"' IV'lge ..*• (Jcologie, dc Pal«'o!it<dogie et d’ Hydrologic. 

. S(H’icte Malacologi(|ue de Bclgit|ue. 

Budapiist. — Frddtuiii Ko/doiiy ((teological Maga/.ine). 

. Magyar F.'ddtaiii Tarf.ulat. 

Buenos Aires.- Instittito (h-ognitico Argeiitino. 

. Sociednd Cientitica Argentina. 

Caen. — Socictc Linte’enne «lc Xt»rnmii<lie. 

Calcutta. — J ndiaii KngiiiiHTing. 

. Asiatic SiH’icty of Ik-ngal. 

Cambridge. — Univerhity I^ibrary Syndicate. 

Cambridgi; (Miih-nJ, — Musi'uin <»f (%>innarutive Zoology, at Ilurvanl College. 

Cape Town. — South African I*bilo>o^iliical S<K;iety. 

Caniiff. — South Wales IiiHtitute of KngiiHS'rs. 

Chicago. — Journal of (nsilogy. 

Christiania. — Videnskabernes S<dskub. 

Cincinnati Society of Natural History. 

ColoinlHK — Ceylon Brunch of the Ihiyal Asiatic Society. 

Colorado Springs (Col.). — Colorado (’ollege Scientific !^s;iety. 

Co[>enbagen. — Daiisk (ieolojrisk Foreniiig. 

. Koiigelige Dunske V idenskalnTinw S<‘lHkah. 

Cdrdoha (Argentine Republic). — Aewlemia Nacioiiul de (^iencias. 

Cork. — (Jmsin's ('ollege. 

Cracow. — Academie dirs St-iene^js. 

. Akademja Umiejetosci. 

Darmstadt. — Verein fiir Krdkunde. 

Dijon. — Acad(‘inie di.*s Sciences, Arts et n<db*s-Leltrc*s. 

Dorchester. — l>(irs 4 »t Natural Historyand Antiquarian Fifdd Club. 

Dorpat. — Naturforscher (ifsellmdiaft l>ei der L’liivcrsitat Juij«»w. 

Douglas. — Isle of Man Natural History and Antiquarian Society. 

Dresden. — Natarwisseiischaftliche Gesellschaft ‘ Isis.* 

Dublin. — Royal Irish Acarlemy. 

£dinburgh.-^Royal Scottish Gerjgrapbical Society. 

— . Royal Society. 
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Ekaterinburg. — Soci^t^j Ouralieiitif (rAtnateun* des Science* Natundles. 
Falmouth. — Hoyal Cornwall Polytifhnic Srjciety. 

Frankftirt a. M. — St^nckenlK-rgi^-he Naturfiir*chcnde 
OlaHgow. — ‘Mitchell ’ Library. 

Gie*Hen. — Oberlit?**iHche Ge*ell«<chaft fur Xatur- und Heilkunde. 

Olangow. — PhiloMOphical S<icifty. 

Gloucester. — OittcHWold Nllt1Jrali^tM’ Field-Club. 

Gratz. — Naturwisw^nM-huftlicher Verein fiir Steiennark. 

Haarlem. — IlollandaiHe tb** Science*. 

Halifax. — Yorksliire (ieologieal and Pidytecbnie StK'iety. 

Halifax (N. S.) - N’ovn .Sentmii institute of S‘ie:ice. 

Halle. — Kaif<erli«-be L<‘opoldiiiiHcli-Carolini.Hche Deutsche Akademie der Natur- 
forsclier. 

Hamilton (Cnimda).— IlaTuilton Asstwiat ion. 

Hatiau. ' WetteraniHcbe Gewllschaft fur die geMiiiimte Naturkunde. 

Havre. — S<iei/t«' (*e(doifi(|ue de Noniiandie. 

Hertford. ■ I lerl ford hb ire Natural History Sdcicty. 

Houghton f.Micli.). — Michigan Mining .Sclnsd. 

Hull. — ( ie<dogical SfKuety, 

Ithaca (N. V.). — (/ornell Cniversity. 

Ki<‘V.-' S<ici<?t<'* des Naturalist<*s. 

Kingston (C'anmlal. — (^ins'ii’s (!idlege. 

Luusunn(‘.-' Societe (J('ologi(|ue Suisse. 

. Soci('te Vatidoise des Sciences Nalurelles. 

LwhIh.-' (i(>ological Associuti<in. 

. l’hiloso]d\ical Society. 

LeicestiT Literary and Philosojdiical So<*iety. 

Leipzig. — Naturwiss<*jiselmft lieher Verein fur SacliMUi und Tliuringen. 

. Zeitschrift fiir Krystallographie und Mineralogic. 

. Zeitschrift fur Naturw issens<*hatien. 

Lh''g<'* — Societe < Jeuhjgiqtje <b* Delgique. * 

. S(KMete lioyale des Sciences. 

Lille. — Societt* (i('•ologi(|U^* tlu Nord. 

Lisbon. -- Academia Heal das Sciencias. 

. Sociedade de ( I'eographia. 

Liverpo<»!.— Gecdogical .\ssociation. 

. (usdiigical Society. 

. Naturalists’ Field-Club. 

L< >1 uloi t . — A cad< an y . 

. Atlu'ineum. 

, Hritish AsstHMatiou for the Advancement of Science. 

. Chian ical News, 

. Chemical Society. 

. (’ity of London College. 

— — . (’(dliery Guardian. 

. East India .'\sMMMation. 

. (i(H)logical Magazine. 

. Gtsdogists’ Association. 

. Institution of Civil kbigimiTs. 

. India Hublier. (Jutta IVrcha, and Telegraph Works Co., Lim. 

. Iron and Steel Institute. 

. Iron and Stind Trades’ Journal. 

. KnowIiHlge. 

. Liimean Sm-iety. 

. Tiondon, Edinburgh, and Dublin Philosophical Magazine. 

. Minendogicul Siwiety. 

. Naturt'. 

. PalaHintographical S<x*iety. 

. Physical Society. 

, Hoyal Agricultural Society. 

. Hoyal Astnmomical Stwiety. 

— . lioyal College of Surgeons. 

— . Hoyal Geographical Society. 

. Hoyal Institution. 

— . Hoyal Metwndo^cal Society. 

— Hoyal Microscopical Society. 

Hoyal Photographic Society of Great Britain. 

— . Royal Society. 



ANKI AL REPORT. 


VoL 52.] 


xyil 


London. — Sanitary Institute. 

— — . Sivioty of Arts. 

. SiX'iety of HiUIical Atvhjrolojry. 

. Stx'ioty of I'uldio Analysts. 

. University 

. Vietoria in^titntt‘. 

. ZiH>l<x;ii'nl SiKMety. 

Mailisini — r»nvrrsity of Wisroiisin. 

Madrid.- lieal Aradeniia de ('ii‘n(*ui<i Kxiu‘t<*s, Fisicas y Naturalcs. 

Manclu*ster (ieolo^u-al StM-iety. 

. Literary nn«l ]*iiiIoso{diieaI S«M*iety. 

Melbourne. — Iloyal So<'iety of Vietoria. 

MexitM. — SiK-itHlatl Mi vii ana de liistoria Natnnil. 

Milan.— (iit>niale di Miiieralopa. 

. Keale InsJittito Lombardo ili Seieii/.e e Leltere. 

. Soei»*tj\ Italiana di Seien/.e Nat m ail. 

Minneaptilis. — .Minnest»ta .\eademy of Natural Seienees. 

Montreal. — Natural llislovy S«K*iet\. 

Moscow. — SiH'if'te hup- riuli' »le- Natural istes. 

Munich.-" KouiLrliela Itav en-.idit' Akadetnie tier \VisHensclinften. 
Newcastle-uiMi!i-’I’\ lie. North of Lii}.:l.iiid In-*tituti‘ «»f Mining and Mocliauical 
Kngini'ers. 

New Ha\en t(’onu.».- American .loitrnal of Seienee. 

. Comnrticut .Veudem\ •»! .Vrt** ami Sciences. 

New York. AcadeniN of Seienee^, 

. American Institute of Mintnir Kneims'V^. 

Northampton. -.Norl liamptoH'liire .Natural lIis|or\ Soeirtv. 

OjMirto. -Soeinlade Carlo*. 

Ottawa. — lioyul Societ y of ( 'anada. 

Padua. — U«‘ule Aceademiu di Jseien/e, Lettei’e ihI Arti. 

Palermo,- .Viuildes de tJe..loj:ie et de Pul'Mintidogie. 

. Uenle A<i*adeniia di Scien/.e, Ijcttereed Arti. 

Paris.- Acadf'inie des Si ieiin**.. 

. Aiiiiuaire (it oloj 4 :iqne Cniversel. 

. Ih'Mie Seienttfiiine. 

. Socitdi' Frane/n>e de .Mineralojrie. 

. S<HMi'*tf' (ii'<do;;ii|ne de France. 

Pen/.ance.- - Iloyal Oeolo;rieal Soeiet\ of ('orn\udI. 

Philadelphia. — Ai’ademy of Natural Silences. 

. AimTicun Philo*.ophienI Soi’iety. 

. Wagner Free I ii**t itufe of Science. 

Pisa. — lleale rtii\ersita. 

. Six'ieta 'ro-eana di Scien/.e Natnrali. 

Plymouth.— I >e\on-liire Association for the Advancement <if Science. 

Institution, and I>e\«*n and Cornwall Natural History Soidely. 

Port-of-S|»ain.-— Victoria Institute of 'J rini»hid. 

Ilochester (N. V.). — (hsdogicul Soidety of America. 

Home. — lleale Aceademiu dei Lincei. 

•' Societa, freologica Italiana. 

Hugh}' School Natural History Society, 

St. John (N. H.). Natural History Si*ciet>. 

St. I’etershurg. — Acadfinie linperiuie di- .Seienc(*s, 

. Kussische KaiM'riiciie .Miiierulogi.sche HesellMihaft. 

Santiago. — 1 ieutscher VV inwnM-haft liclier Verein. 

. Srx'iislad Nacioiml de Mineriii. 

. Six*i«''te S<'ientitii{Ue dn ('hili. 

Scranton (Pa.). — Colliery Kngims.T. 

StcK’khoim. — (hfologi-ka Foretiiiig. 

. Kongliga Sverinku Veten-'kap** Akudemi. 

Stuttgart. — Nem*»* .lahrlmeh fiir Minerulogie, fterilogii* und Palaontologic. 

. Verein fur Vaterlaiidi*u he Natiirkiiiide in VV'iirttemlierg. 

Sydney. — Linneiin Sfwiety of New South Wah^n. 

. Iloyal Six’iety of New South Wales, 

Tokyo.— College of S-ience, ImjaTial I'niveniity. 

. Imperial Uiiiversity. 

. Sciamologicul Journal of Japan. 

Toulouae. — Sock^ti'r d'iiiiitoinf Naturalle. 

Truro.— Hoyal ln«titutioii ot Cornwall. 
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Tofu Col]«g<e, HtfMclrasettii. 

Tmm— Retie AccademU delle Scienze. 

UpsaU Univeniitet. 

— Univmitets MineralogUlc-Geologieka Infititation. 

Vienna. — Berg- und HuttenmanniM^hea Jahrbuch. 

, KaiHerlicbe Akadeniie der WidHenechaften. 

. Kaiserlich-kdiiigliche ZoologiBch-botanische Geftellschaft. 

. MiueralogiHcht* und Petrographidche Mittheilungen. 

Wellington (N.2.). — New Zi^filand Institute. 

Wiesbaden. — NassauischtT Verein fiir Naturkunde. 

York. — Natural Historj- Journal. 

. Yorkshire Philosophical Society. 


III. Personal Donors. 


Agassiz. A. 

Allman, G. ,1. 

Ameghino, F. 

Ami, H. M. 

Barlow, W. 

Barrois, 

Bascom, F. 

Bau<>nnnn, 11. 

Bayley, W. S. 

Ih'echer, i\ E. 

1M1,1). 

Bennett, J, F. 

Bittner, A. 

Blake, W. P. 

Bolton, H. 

Bonnev, T. G. 

Botte, U. 

Brodie, P. B. 

Br('>ggc‘r, W. C\ 
Brongiiiart, C. 

Brown, J. A. 

Brown, N. 

Brown, 11. Y. L. 
Bukowski, G. von. 

(’art'y, L. 

Gayenx, L. 

C'halmers, J. A. 
C’hamherlin, T. 0. 
Glavpole, E. W. 

Coli, E. M. 

('ollins, J. 11. 

(\M.ke, S. 

Copt‘, E. P. 

Gonwentz, H. 

('rane, A. 

(Vuwfonl, J. J. 
t'rediier, H. 

Dames, W. 

Darios, T. W. 
l>awson, Sir J. William. 
Dclel»eoqiie, A. 

Destines, P. 

Dollfus, G. F. 

Doyle, P. 

Dnpear, D. 

Dnl^, E. 

Daparc, L. 


i Kggcr, J. G. 

ICxton, H. 

I Faggiotto, A. 

Fairchild, 11. L. 
i Favol, H. 

I Feiix, J. 

Fisher, O. 

Floyer. E. A. 

I Fornasini, C. 

Foster, G. Le Neve. 
Fomine, F. 

' Fowlrr.T. W. 

F(>x, Howard. 
Fritsch, A. 

(iHgel, (\ 

Geikie, Sir A. 
(ieikie, J. 

(lilbeti. G. K. 
Gil)nn. K., Jnn. 
j Gosseh't,.). 

Gregorio, Marqnis 
.\iitonio de. 
Gresley, W. S. 

Hall, Marshall. 
Hanks, 11. G. 

, lIurgreAves, T. S. 

Ilurker. A. 

; Harle, E. 

1 Hurrisun, W. J. 
j Hiiteh, F. H. 

I Heim, A. 

Heinibueh. H. 

I Heiinig, A. 

I Hill, H. 

' Hin,R.T. 
i Hills. K. C. 

I Hinde. G. J. 

Hobbs, W. H. 

! Holsapfel, E. 
j Hopkinson, J. 

Hoskold, H. D. 
i Horle, W. E. 
i Hull, E. 

‘ Hume,W. P. 

Jack,R.L. 

James, J. F. 


Johnston- La\is, H. J. 
Jones, T. It. 

Jonlan, H. K. 

I Karrer, F. 

1 Kavser, E. 

I Kendall, P. F. 

Keyes, G. H. 

' Kii-kby, J. W. 

' K lenient, C. 

Koenen, A. von. 

Kossmat, F. 

Knnt/.<'. O. 

Kurtz, F. 

Leighton, T. 

Liversitlge, A. 

LootVelliolz von Golberg, 
G. 

Loriol, P. de. 

Lyell, Mrs, Katherine. 
Lyman, B. S. 

McHenry, A. 
Maekinnon, A. K. 
.Mallet. F. It. 
Mansel-Pleydell, J. C. 
Manson. M. 

, Marsh, O.C. 

Matthews, W. 

Meli, K. 

Merrill, G. P. 

, Mill.H. K. 

; Milne, J. 

Monekton, H. W. 
MtKxly, T. P. 

Morton, G. II. 

Mraze<;, L. 

Nathorst, A. G. 

Newton, E. T. 

Newton, R. B. 

I Nicholas, W. 

! Nordenskjold, 0. G, 

Platt, S. S. 

PoinpecW , J. P, 

Power, F. D. 

Preller, C. S. Da Riche. 

I Prestwieh, Sir J. 
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Bamaay, A. 

j Spencer. J. W. 

Bansome, F. L. 

Speaia, G. 

Keade, T. MeUard. 

1 Stanley, W. P. 

Beid, C. 

StefaneacQ, G, 

Beyer. E. 

Stevenscm, W. 

Benevier, £. 

Storrie. J. 

Beoach, Han*^ 

Storv-MBskelyue, N. 

Bichaxd*. Sir G. H. 

Strahan. A. 

Bichardaon, R. 

Bitter, £. 

Sows, E. 

Boacnbasch, H. 

Tate, T. 

Thujrutt, S. J. 

Sandberjrer, F. von. 

Trabucco, G. 

Sauvafcts H. K. 

Scndder, S. H. 

THfliermak, U. 

j 

Seeley, H. Ci. 

1 I'pham. W. 

Shillinjrfiml, F. A. 

Sherborn, C. 1). 

‘ Vaii^rhan, T. W. 

Shipman. J. 

Sji)>rren. H. 

WiihiuT, F. 

Smith, K. A. 

Walfbnl, K. A. 
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W«idell, P. N. 
Waltho^ J. 
Watt*. W. W, 
Wehrli, L. 
Whidborms 0. P. 
Whitaker, W. 
WilMii, £. 
VViiuan, C. 
Winehell, N. H. 
WiuhIow, a. 
WinwiKMl. H. H. 
WiKKlwanl, A. S. 
WtxKlwani, 11. 
Woixlwanl, H. li 
\V(HMl\vard, H. 1*. 
Wmy, L., Juu. 


Z.‘iller, U. 
Zujovic. .1. M. 
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COXTABATIYS STATEMENT OF THE NtTMBEE OP THE SOCIETT AT THE 
CLOBE OP THE TEABB 1894 AND 1895. 



Dec. Slet, 1894. 

Dec. 31st, 1895. 

Compounders 

305 

305 

Contributing Fellows 

862 

867 

Non-contributing Fellows . 

75 

69 


1242 

1241 

Foreign Members 

40 

39 

Foreign Corresj)ondent8. . . 

30 

38 


1321 

1318 


Comparative Statement explanatory of the Alterations in the Number 
of FellowSn ForeUjn Members^ and Foreiyn Correspondents at the 
dose of the years 1 804 and 1 805. 


Number of Compounders, Contributinp: and Non- 1 1942 

contributing Follows, December st, 1804 . . J 
Add Fellows elected during former year and paid 

in LS05 

Add Fellows elected and paid in 1^05 32 


1280 

Deduct Compounders deceased 9 

Contributing Fellows deceased iM 

Non-contributing Fellows deceased (I 

Contributing Fellows resigned 10 

Contributing Fellows removed 10 


— 45 

1241 

Number of Foreign Jil embers and Foreign 1 


Correspondents, December 31 st, 1804 . . . . J 

Deduct Foreign !M embers deceased 4 

Foreign Correspondent deceased .... 1 

Foreign Correspondents elected 1 g 
Foreign AI embers J 


71 


Add Foreign Members elected 3 

Foreign Corresjwndents elected 3 


1318 
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DsoKiBiD Fallows. 

Compcunden (9). 


BaU, V., Esq. 

Browne, Ten. Archdeacon. 
Carter, R., Esq. 

Cline, Dr. G. W. 

Johnson, F., Esq. 


I Lawrohoo, P. H., Esq. 
Mitchell, J., Esq. 
Slatter, T. J., Esq. 
Tyler, C., Esq. 


Resident and otJier ContrilnUintf Fellows (10), 

Bunburj*, Sir E. 11. i Hulke, J. \V., Esq. 

Carter, J., Esq. | Huxley, Rt. Hon. T. H. 

Chance, E. J., Esq. j Miluos, W. S., Esq. 

Coplaud-Cruwford, Lt.-Gen. U.F. j Willuims, J. E., Esq. 
Hosking, G. F., E.s(j. | Wiinsch, E. A., Esq. 


Aofi^ntributiwj Fellows (0). 


Babingtx)n, Prof. C. C. 
Duke, Kev. E. 

Fitch, K., Esq. 


Ix?Hter, Rev. liOster. 
Muntell, W. R. D., Esq. 
Tayler, J. W., Escj. 


Foreign Members (4). 

Dana, Prof. J. D. Itiitimeycr, Prof. L. 

Loven, Prof. Sveu. Saportu, Marquis G. do. 


Foreign Correspondent (1). 
Castillo, Don Antonio del. 


TOL. m. 


c 
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Fellows EEsiewED (10). 


Baldwin, A. £., Esq. 
Isaac, T. W. P., Esq. 
Johnson, M. H., Esq. 
King, Dr. W. 
Plowright, H. J., Esq. 


I Eouth, C. S., Esq. 

I Sherwood, W., Esq. 
WTiitmell, C. T., Esq. 
Willett, H., Esq. 

I Winter, T., Esq. 


Fellows Eemoved (10). 


Ballard, llcv. F. 
Browiie, C., Esq. 
Bums, D., Esq. 
Gilpin, E., Esq. 
Maude, Captain F. N. 


Milles, R. S., Esq. 

Muir, E., Esq. 
Ratnavelacharia, M., Esq. 
Rowlandson, T., Esip 
Wilson -Moore, C., Esq. 


Tlie follov’ing Per 80 na(fcs were elected from the List of Foreiftn Cor^ 
respomlenis to Jill the vacducies in the lAst o f Foreojn Members 
during the year 1805: — 

Monsii'ur F. Schmidt, of St. Petersburg. 
l^rofe.MSor W. Dumes, of Bi‘rlin. 

Professor (J. K. Gilbert, of Washington, U.S.A. 


The following Personages were elected Foreign Correspondents during 
ike year 1805 : — 

Dr. K. de Kroustchofl, of St. Petersburg, 
l^rofessor Paul Groth, of Munich. 

Professor A. Penck, of ^4enna. 
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Alter the Reports had been road, it was resolved : — 

That they be received and entered on the Minutes of the Meeting, 
and that such parts of them as the Council shall think ht be prints 
and circulated among the Fellows. 

It was afterwards resolved : — 

That the thanks of the Society be given to Dr. Henry Woodward, 
retiring from the oflSce of President. 

That the thanks of the Society ho given to W. II. Hudloston, Esq., 
retiring from the ofRco of Vice-President. 

That the thanks of the Society he given to Dr. 0. .1. Hinde, W. H. 
Hudleston. Esq., Prof. J. W. .Judd, the Ilov. 11. II. Win wood, and 
H. B. Woodward, Esq., retiring from the (Umneil. 


After the Balloting-glassc's had been duly closed, and the LisU 
examined by the Scnitinocrs, the following gentlemen w'cro declared 
to have been duly elected as the Officers and Council for the ensuing 
year ; — 
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OFFICERS AND COUNCIL.— 1896. 

rBESlDEKT. 

Henry Hicks, M.D., F.R.S. 

VICE-PRESIDENTS, 

Prof. T. G. Bonney, D.Sc., LL.D., F.R.S. 

Prof. A. H. Green, M.A., F.ll.S. 
li. Lydckker, Esq., B.A., F.ll.S. 
lieut.-Genoral C. A. M'Mabon. 

SECRETARIES. 

J. E. Marr, Esq., M.A., F.R.S. 

J. J. H. TeaU, Esq., M.A., F.ll.S. 

FOREIGN SECRETARY. 

Sir John Evans, K.C.B., LL.D., F.R.S., F.L.S. 

TREASURER. 

W. T. Blanford, LL.D., F.ll.S. 


COUNCIL. 

11. S. Hcrrics, Esq., M.A. 


H. Bauorman, Esq. 

W. T. Blanford, LL.D., F.R.S. 

Prof. T. G. Bonney, D.Sc., LL.D., 
F.R.8. 

Horace T. Brown, Esq., F.R.S. 

Prof. W. Boyd Dawkins, M.A., F.ll.S. 
Sir John Evans, K.C.B., LL.D., 
F.E.8., F.L.S. 

Sir Archibald Geikie, D.8c., LL.D., 
F.R.8. 

Prof. A. H. Green, M.A., F.R.8. 

J. W. Gregory, D.8c. 

F. W. Hamer, Esq. 


Hcnr>- Hicks, M.D., F.ll.S. 

Rev. E. HiU, M.A. 

T. V. Holmes, Esq. 

11. Lydekker, Esq., B.A., F.R.S. 
Lieut.-General C. A. McMahon. 

J. E. Marr, Esq., M.A., F.Il.8. 
Prof. Henry A. Miers, M.A. 

E. T. Newton, Esq., F.R.S. 

F. llutley. Esq. 

A. Strahan, Esq., M.A. 

J. J. H. Toall, Esq., M.A., F.R.8. 
Henry Woodward, LL.D., F.R.S. 


ASSISTANT-SECRETARY, CLERK, LIBRARIAN, AND CURATOR. 
L. L. Belinfante, B.So. 


ASSISTANTS IN OFFICE, LIBRARY, AND MUSEUM. 

W. Rupert Jones. 

Clyde H. Black. 
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AXNVAI. REPOKt. 


xzr 


LIST OF 

THE FOREIGN MEMBERS 

OF THE GEOLOGICAL SOCIETY OF LONDON, in 1886. 

Date of 
filectioii. 

1848. James Hall, Esq., Albany^ StMe of Krw York, U.S.A, 

1851. Professor James I>. Dana, Xcir liaoent Conn,, U,S,A, {Deceaseds) 

1856. Professor Uolx^rt Dunsen, For. Mem. U.S., Jleideibery, 

1857. Professor II. R (leinitz, JhYsden, 

1867. Professor A. Dnubree, For. Mem. U.S., Paris, 

1871. Dr. Franz Hitter von llaiu'r, FtV/mo. 

1874. Professor Albert (inudrv, Paris. 

1876. Professor Fridolin Sandbeiyer, inh'zfmry. 

5876. I^rofessor E. iWvricli, livrlin. 

1877. Dr. Carl Wilbehn (< umbel, Munich. 

1877. Dr. Eduard Sue-s.-^, Vit'^na. 

1870. M. Jules Marcou, (hmhridyc. J^fass., U.S.A. 

1870. Dr. J. J. S. Steenstrup, For. Mem. U.S., (Jvjtenhaym, 

1880. Professor (5 usfnve Dewalque, hihje. 

1880. Baron Ad(df Erik Nordenskiiild, Stockholm, 

1880. Profe.ssor Ferdinand Zirkel. Leipziy, 

1882. Professor Sven Loven, *SYoe/.7o//m. (Deceased.) 

1882. Professor Ludwig; lliitiimner, y>VMe/. {Deceastd.) 

188t3. Professor Otto Martin Tondl, Stockholm, 

1884. Professor 0. Capellini, lioloyna. 

1884. Professor A. L. O. Des (Moizeaiix, For. Mem. U.S., Paris, 

1886. Professor Jub^s (lossebd, Lille. 

1880. Profe.ssor (lustav Twdiermak, Vienna, 

1887. Professor J. P. Lesley, Philadelphia^ J*a.y U.S.A. 

1887. Professor J. 1). Whitney, Camhridye^ Mass., U.S.A. 

1888. Professor Eugene Itenevier, Lausanne. 

1888. Baron Ferdinand von Richthofen, Berlin. 

1889. Professor Ferdinand Fouqu6, Paris. 

1889. Marquis Gaston de Saporta, Aix-en-Provence. {Deceased.) 

1889. Geheimrath Professor Karl Alfr»td von Zittel, Munich. 

1890. Professor Heinrich Rosenbu.sch, Heidelberg. 

1891. Dr. Charles Barrois, JAlle. 

1892. Professor Gustav LindstriJm, Stockholm. 

1893. Professor Waldemar Christofer Briigger, Christiania, 

1893. M. Auguste Michel-L<5vy, Paris, 

1893. Dr. Edmund Mojsisovics von Mojsv&r, Vienna, 

1893. Dr. Alfred Gabriel Nathorst, St.ockholm. 

1894. Professor George J. Brush, New Haven, Conn,, U.S.A, 

1894. Professor Edward Salisbury Dana, New Ilaven, Conn,, U,8,A, 

1894. Professor Alphonse Renard, Ghent. 

1896. Professor Wilhelm Dames, Berlin, 

1896. Professor Grove K. Gilbert, Washington, UJS^A. 

1895. M. Friedrich Schmidt, St. Petersburg. 



raOOBIBnCM OV Tint OXOIMXCAL SOCSQtZT. lS9^t 


LIST OF 

THE FOREIGN CORRESPONDENTS 

OF THE GEOLOGICAL SOCIETY OF LONDON, nt 1896. 

D«te of 
Xleotion. 

1866, Professor Victor Raulin, Mmtfaucon a ArgowM, 

1874, Professor Igino Cocchi, Florence. 

1874. Pr. T. C. Winkler, Haarlem. 

1879, M. fidouard Dupont, Brueeeh. 

1879. Dr. imile Sauvago, Boulogne-eur-^Mer. 

1881. Professor E. D. Cope, PhUadelphiay Pa.^ U.S.A, 

1882. I’rofessor Louis Lartet, Toulouse. 

1882. Professor Alphonse Milne-Edwards, Pam. 

1884. M. Alphonse Briart, Morlanwek. 

1884. Professor Hermann Crcdner, Leipzig. 

1884. Baron C. von Ettingshausen, Ordtz. 

1887. Senhor J. F. N. Delgado, Lisbon. 

1887. Professor A. Heim, Zmieh. 

1887, Professor A. do Lapparent, Paris, 

1888, M. Charles Brongniart, Paris. 

1888. Professor Anton Fritsch, l*raf/ue. 

1888. M. Ernest Van deu Broeck, Bf'msels. 

1889. Dr. Hans llcusch, Christiania. 

1889. M. R. 1). M. Verbeek, Padang, Sumatra. 

1890. M. Gustave F. Dollfus, Paris. 

1890. Herr Felix Karrer, Vietuui. 

1890. Professor Adoljih von Kiinen, Qoftingen. 

1891, Sehor Don Antonio del Castillo, Me.vico. (Deceased.) 

1891. I^rofessor Emanuel Kayser, Marburg. 

1892. Professor Johann Lehmann, Kiel. 

1892. Major John W. Powell, Washington^ D.C., U.S.A. 

1893. Professor Marcel Bertrand, Paris. 

1893. Professor Alexis Pavlow, Mosanc. 

1893. M, Ed. Rigaux, Boulogne-sur-Mer. 

1893, Dr. Sven Leonhard Tiimquist, Lund. 

1893. Dr. Charles Abiathar White, Washingtm^ D.C.^ U.S.A. 

1894. Professor Joseph Pax.son Iddings, Chicago ^ i?/., U.S.A, 

1894. M. Perceval de Loriol-Lefort, Campagne Frontenejc. 

1894. Dr. liVancisco P. Moreno, La Plata. 

1894. Dr, A. Rothpletz, Munich. 

1694* Professor J. H. L. Vogt, Christiania. 

1895. Professor Paul Groth, Munich. 

1896. Dr. K. de Kroustchoff, St. Petersburg, 

1895. Professor Albrecht Penck, Vienna. 
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AimtrU BIPOBT. 


; zxrii 


AWARDS OP THE WOLLASTON MEDAL 

UNDER THE CONDITIONS OP THE 'DONATION PUND' 
B8TASL18BBX> BY 

WILUAM HYDE WOLLASTON, M.D., F.R.8.. F.G.S.. irc. 

* To promote researches concerning: the mineral structure of the earthi 
and to enable the Council of the Geological Society to reward those 
individuals of any country by whom such researches may hereafter be 
made,’ — * such individual not being a Member of the Council.’ 


1831. Mr.WUliam Smith. 

1836. Dr. G. A. Muiitell. 

1830. M. Louis Agassiz. 

1837. 

( I)r. II. ralconor. 

1838. Sir Richard ( )wen. 

1839. I^ofessor C. (i. Khrenberg. 

1840. Professor A. 11. Dumont. 

1841. M. .\dolphe T. Rrongniart. 

1842. Baron L. von Buch. 

j M. lilie d<* Beaumont. 

I M. P. A. Dufrt%oy. 

1844. Rev. W. D. Conybeare. 

1846. Professor John Phillips. 

1840. Mr. IVillinm Lonsdale. 

1847. Dr. Ami BouC*. 

1848. Rev. Dr. \V. Buckland. 

1849. I^rofes.sor Jo.seph Prestwich. 

1860. Mr. William Hopkins. 

1861. Rev. Prof. A. Sedgwick. 

1852. Dr. W. II. Fitton. 

1863 Vicomte A . d' Archiac. 

M. E. de Vemeuil. 

1854. Sir Richard Griffith. 

1855. Sir II. T. De In Beche. 

1850. Sir W. E. Logan. 

1867. M. Joachim Barrande. 

) H^^rmann von Meyer, j 
^ * I Mr. James Hall. 

1859. Mr. Charles Darwin. 

1800. Mr. Searles V. Wood. 

1861. Professor Dr. H. G. Bronn. 

1862. Mr. R. A. C. God win- Austen. 

1863. Professor Gustav Bischof. 

1864. Sir R. I. Murchison. 


1865. Dr. Thomas Davidson. 

1866. Sir Charles Lyell. 

1867. Mr. G. Pi»ulett Scrope. 

18<18. Professor Carl F. Naumann. 

Dr. H. Sorby. 

1870. Professor (1. P. Deshayes. 

1871. Sir A. C. Ramsay. 

1872. Professor J. D. Dana. 

1873. Sir P. de M. CJrey Kgerton. 

1874. i’rofessor Oswjild Heer. 

1875. Pr()fes8(»r L. G. do Koninck. 

1876. Professor T. H. Huxley. 

1877. Mr. Rob»‘rt Mallet. 

1878. Dr. Thoiniis Wright. 

1879. Professor Bernhard Studor. 

1880. Professor Auguste Dnubr4e. 

1881. Professor P. Martin Duncan. 

1882. Dr. Franz Ritter von Hauer. 

1883. Dr. W. T. Blanford. 

1884. Professor Albiirt Gaudry. 

1885. Mr. George Busk. 

1886. Professor A. L. 0. Dos 

Cloizoaux. 

1887. Mr. J. Whitaker Ilulko. 

1888. Mr. H. B. Medlicott. 

1889. Professor T. G. Bouncy. 
18fX). Professor W. C. Williamson. 

1891. Professor J. W. Judd. 

1892. Baron Ferdinand von 

Richthofen. 

1893. Professor N. 8. Maskelyne. 

1894. Geheimrath Professor Karl 

Alfred von ZitteL 
1896. Sir Archibald Geikie. 

1896. Dr. Eduard Suess. 



ntocsEDnrGs of xhb obolooioal soodstt. [May 1896, 


xxm, 


AWAED8 

OF THE 

BALANCE OF THE PROCEEDS OF THE WOLLASTON 
‘DONATION fund; 


1881. Mr. William Smith. 

1883. Mr. William Lonsdale. 

18114. M. Louis Agassiz. 

1835. Dr. G. A. Mantell. 

1830. Professor G. P. Dcshayes. 

1838. Sir Richard Owen. 

1839. Professor C. G. Ehrenherg, 

1840. Mr. J. De Carle Sowerby. 

1841. Professor Edward Forbes. 

1842. Professor John Morris. 

1843. Professor John Morris. 

Lonsdale. 

1845. Mr. Geddes Bain. 

1840. Mr. William l^onsdale. 

1847. M. Alcide d’Orbigny. 

) Cape-of-(iood-Iloj)e Fossils. 
^ ’ I M. Alcide d’Orbigny. 

1840. Mr. William Lonsdale. 

1860. Professor John Morris. 

1861. M. Joachim Barrande, 

1862. Professor John Morris. 

1863. Professor L. G. de Koninck. 

1854. Dr. S. P. Woodward. 

1855. Drs. G. and F. Saudberger. 
1850. Professor G. P. Deshayes. 

1857. Dr. S. P. Woodward. 

1858. Mr. James Hall. 

1859. Mr. Charles Peach. 
jPro^^®8orT. Rupert Jones, 
)Mr. W. K. Parker. 

1861. Professor A. Daubr6e. 

1862. Professor Oswald Heer. 
1803. Professor Ferdinand SenfL 

1864. Professor G. P. Deshayes. 


1865. Mr. J. W. Salter. 

1860. Dr. Henry Woodward. 

1867. Mr. W. H. BaUy. 

1868. M. J. Bosquet. 

1869. Mr. W. Carruthers. 

1870. M. Marie Rouault. 

1871. Mr. R. Etheridge. 

1872. Dr. James Croll. 

1873. Professor J. W. Judd. 

1874. Dr. Henri Nyst. 

1876. Mr. L. C. Miall. 

1 876. Professor Giuseppe Seguenza. 

1877. Mr. R. Etheridge, Jun. 

1878. Professor W. J. Sollas. 

1879. Mr. Samuel Allport. 

1880. Mr. Tliomas Davies. 

1881. Dr. R. II. Traquair. 

I 1882. Dr. G. J. Hinde. 

1883. Professor John Milne. 

1884. Mr. E. Tulley Newton. 

1885. Dr. Charles Callaway. 

188(). Mr. J. S. Gardner. 

1887. Mr. B. N. Peach. 

1888. Mr. J. Horne. 

1889. Mr. A. Smith Woodward. 

1890. Mr. W. A. E. Ussher. 

1891. Mr. R. Lydekker. 

1892. Mr. 0. A. Derby. 

1893. Mr. J. G. Goodchild. 

1894. Mr. Aubrey Strahan. 

1895. Mr. W. W. Watts. 

1896. Mr. Alfred Harker. 
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V "" AWAili)S OP THE MURCHISON MEDAL 

Aim or TBB 

PROCEEDS OF THE ‘MURCHISON GEOLOGICAL FUND,’ 

K8TABLISHED UNDER THE WILL OF THE LATE 


SIB RODERICK IMPKY MURCHISON, Bart., F.R.S.. P.G.S. 

'To be applied in every consecutive year in such manner aa the Council 
of the Society may dtH>m most useful in advancing Geological Science, 
whether by granting sums of nu>ney to travellers in pursuit of know- 
ledge, to authors of memoirs, or to persons actually employed in any 
enquiries bearing upon the science of Geology, or in rewarding any 
such travellers, authors, or other pt*rs<ms, and the Medal to be given 
to some person to whom such Council shall grant any sum of money 
or recompense in respect of Geological Science/ 


1873. Mr. William Davies. Medal. 

1873. Professor Oswald I leer! 

1874. Dr. J. J. Digsbv. Medal. 

1874. Mr. Alfred Jh*li. 

1874. Professor Ralph Tate. 

1875. Mr, W.J. Hen wood. Medal. 

1875. Professor II. G. Seeley. 

1870. Mr. A. R. (\ Selwyn. 

Medal. 

1876. Dr. James Croll. 

1877. Rev. W. R. Clarke. Medal. 

1877. Rev. J. F. Rlnke. 

1878. Dr. H. B. Geiuitz. Medal. 

1878. Professor Charles Lapworlh. 

1879. I’rofessor F. M‘Coy. Medal. 

1879. Mr. J.W. Kirkbv. 

1880. Mr. R. Etheridge. Medal. 

1881. Sir Archibald (ieikie. Medal. 

1881. Mr. F. Rutley. 

1882. Professor J.Gosselet. Medal. 

1882. Professor T. Rupert Jones. 

1883. Professor H. 11. Goppert. 

Medal, 

1883. Mr. John Young. 

1884. Dr. H. Woodward. Medal. 

1884. Mr. Martin Simpson. 

1885. Dr. Ferdinand von Romer 

Medal. 

1885. Mr. Horace B. Woodward. 


imho. Mr. W. Whitaker. Medal, 

I lMM(>. Mr. Cleineiit Reid, 
j Ikh7. K««v. I*. B. Brodie. Medal. 
I 1mh 7. Mr. Robert Kidaton, 

Professor J. S. Newberry. 
Medal. 

j IMHM. Mr. ICdwiird Wilson. 

]mH 9. ProffHsor .James Geikie. 
Medal. 

1KM9. PrfJeHsor G. A. J. Cole. 
JHIKI. Prof«H.Mor Edward Hull. 
Medal. 

ImOO. ^Mr. E. Welhered. 

1891. I'rofessor W, C. Brbgger. 
Medal. 

1891. Rev. R. Baron. 

I 1892. ProfesHor A. 11. Green. 
Medal. 

I ]MJ)2. Mr. Beeby 'i'hompson. 

I 189.3. lt<jv. 0. Fislier. Medal. 

I 1M9.3. Mr. G. J. WilliamB. 

1894. Mr. W. T. Avelino. Medal. 

1894. Mr. George Barrow. 

1895. Professor Gustav Lind- 

strcim. Medal. 

1895. Mr. A. C. Seward. 

1896. Mr. T. AMellard Reade. 

Medal. 

I 1896 . Mr. PhiUp Uko. 
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PBOOESDDrOS OP THE GEOLOGICAL BOCIETY. [May 1896, 

AWARDS OF THE LYELL MEDAL 

AHD OF THE 

PROCEEDS OF THE ^ LYELL GEOLOGICAL FUND/ 


ESTABLISHED UNDER THE WILL AND CODICIL OF THE LATE 
SIR CHARLES LYELL. Baet.. F.R.S., F.G.S. 

The Medal * to be given annually * (or from time to time) ' as a mark of 
honorary distinction and as an expression on the part of the governing 
body of the Society that the Medallist (who may be of any country 
or either sex) has deserved well of the Science/ — ^ not less than 
one third of the annual interest [of the fundj to accompany the 
Medal, the remaining interest to be given in one or more portions at 
the discretion of the Council for the encouragement of Geology or 
of any of the allied sciences by which they shall consider Geology 
to have been most maU*rially advanced, either for travelling expenses 
or for a memoir or paper published, or in progress, and without refer- 
ence to the sex or nationality of the author, or the language in which 
any such memoir or paper may be written.’ 


1870. Professor John Morris. 
Medal. 

1877. Dr. James Hector. Medal. 

1877. Mr. W. Pengelly. 

1878, Mr. G. Dusk. Medal, 

1878. Professor W. Woagon. 

1870. Professor lidmoiid Hilbert. 

Medal. 

1879. Professor II. A. Nicholson. 
1870. Dr. Henry Woodward. 

1880. Sir John Evans. Medal. 

1880. Professor F, A. von Q,uen- 

stedt. 

1881. Sir J. W. Dawson. Medal. 

1881. Dr. Anton Fritsch. 

1881. Mr. G. R. Vine. 

1882. Dr. J. Lycett. Medal. 

1882. Rev. Norman Glass. 

1882. Professor Charles I.rfipworth. 

1883. Dr. W.D. Carpenter, Medal. 
1888. Mr. P. H. Carpenter. 

1883. M. E. Rigaux. 

1884. Dr. Joseph Leldy. Medal, 

1884. l^rofessor Charles Lapworth. 
1886. Professor H. G. Seeley. 

Medal 

1885. Mr. A. J. Jukes-Browne. 

1886. Mr. W. PengeUy. Medal 

1886. Mr. D. Mackintosh. 

1887. Mr. Samuel Allport Medal. 
1887. Rev. Osmond ^sher. 


I 1888. Professor II. A, Nicholson. 
Medal. 

Mr. A. H. Foord. 

1888. Mr. Thomas Roberts. 

1880. Profeasor W. Dovd Dawkins. 
Medal. 

1880. M. Louis Hollo. 

181K). l*rofeHHor T. Rupert Jones. 
Medal. 

1800. Mr. C. Davies Sht'rboni. 

1801. l^rofessor T. M'Kenny 

Hughes. Medal. 

1801. Dr. C. J. Forsyth-Major. 

1801. Mr. G. W. Lamplugh. 

1802. Mr. G. H. Morton. Medal. 
j 1802. Dr. J. W. Gn*gorv. 

1802. Mr. E. A. AVolfoid. 

! 1803. Mr. E. T. Newton. Medal. 

I 1803. Miss C. A. Raisin, 
j 1803. Mr. A. N. Leeda 
1804. Professor John Milne. 
Medal. 

1894. Mr. William Hill. 

1806. Rev. J. F. Blake. Medal. 

1895. Mr. Percy F. Kendall. 

1895. Mr. Benjamin Harrison. 

1896. Mr. A. Smith Woodward. 

Medal. 

j 1806. Dr. W. F. Hume. 

I 1890. Mr. C. W. Andrews 
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AHX17AL BEPOBX. 


ZXXl 


AWARDS OF THE BIGSBY MEDAL, 

FOntDES BT THE LATE 

Db. J. J. BIGSBY, F.R.S.. P-QA 

To be awarded biennially ‘ aa an acknowlodjn»ent of eminent services 
in any department of Goolopy, irrespective of the receiver’s country ; 
but he must not be older than 45 years at his last birthday, thus 
probably not to<7 old for further work, and not too young to have done 
much/ 

1877. Professor O. C. Marsh. 1887. Professor rharlea Lapworth. 

1879. Professor E. D. Cope. 1889. Mr. J. J. Harris Toall. 

1881. Dr. Charles Barrois. 1801. Dr. (loorge M. Dawson. 

1883. Dr. Henry Hicks. 189.3. P^i^ft^Hso^ W. J. Solliw. 

1885. Professor Alphonse lienard. 1895. Mr. Charles 1). Walcott. 


AWARDS OF THE PROCEEDS OF THE BARLOW. 
JAMESON FUND, 

ESTABLISHED UNDER THE WILL OF THE LATE 

Db. H. C. HARLOW, F.Q.S. 

* The perpetual interest to be applied every two or three years, as may 
be approved by the Council, to or for the advancement of Geological 
Science.’ 

1880. Purchase of microscope. 1892. Professor Charles Mayer- 

1881. Purchase of microscope-lamps. Eymar. 

1682. Baron C. von Ettingshausen. 1893. Purchasi; of Scientific In- 
1884. Dr. James CroU. struments for Capt. F. E. 

1884. Professor Leo Lesquereux. Younghusband. 

1886. Dr. H. J. Johnston-Lavis. 1894. Mr. Charles Davison. 

1888. Museum. 18m. Mr. J. Wright. 

1890. Mr. W. Jerome Hanison. 1896. Mr. J. Storrie. 
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pbockebikqb of thf obolooical society. [May 1896, 

Estimates for 


income expected. 

£ 8. d, £ 8, d. 

Compositions 136 0 0 

Duo for Arrears of Admission Fees 09 6 0 

Admission Fees, 1890 180 0 0 

249 6 0 

Arrears of Annual Contributions 110 0 0 

Annual Contributions, 1890, from Il#»sident Fel- 
lows, and Non-Uesideuts, 18/>9 to 1801 .... 1630 0 0 

Annual Contributions in advance 3*5 0 0 

1775 0 0 

Dividends on £2(X)0 India 3 per cents 00 0 0 

Dividends on £2250 London and Nortb-AVestem 
Kail way 4 per cent. Preference Stock 90 0 0 

Dividends on £2800 London and S^mth-Westem 

Railway 4 per cent. Preference Stock 112 0 0 

Dividends on £300 London, Prifrliton, and South 

Coast Knihvay 5 per C(‘nt. Preference Stock. . 15 0 0 

Dividends on £1295 Midland Iluilway 4 percent. 

Preference Stock * 51 16 0 

828 10 0 

Sale of Quarterly Journal, iucludinjr Lon^rman’s 

Account 150 0 0 

Sale of Geological Alnp, including Stauford’s 

Account 10 0 0 

Sale of Transactions, Library Catalogue, Orme- 
rod*s Index, llochstetter's ‘ New Zealand,’ and 
List of Fellows 5 0 0 

105 0 0 

Balance against Society 608 6 0 


£3262 8 0 


Note. — The following Funds are available for Extraordinary Expenditure. 


£ s. d. 

Balance at the Bankers*, Deo. 31st, 1695 835 5 10 

Balance in the Clerk’s hands, Dec. 31st, 1895 16 9 7 


£851 15 5 
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the Year 1896. 


nnuroui. bbtobi. 


xxxiii 


EXPENDITUBE ESTIMATED. 


£ ff. d. 

House Expenditure : 

Taxes 0 15 0 

Fire Insurance 15 0 0 

Qae 25 0 0 

Fuel 30 0 0 

Furniture and Bopnirs 0 0 

House-repairs and Maintenance ilO 0 0 

Annual Cleaning? 15 0 0 

Washing and Sundries 25 0 0 

Tea at Meetings 15 0 0 

Salaries and AVages, etc. : 

Assi .slant Seeret4irv .'UMt 0 0 

„ Half Pretuiuin of Life Iiisurunce 10 15 0 

Assistant Librarian IfHl () 0 

Assistant Clerk HO 0 0 

House Porter and l'j)}H'r-Housenmid 10 12 0 

Vnder-Huusemaid *12 12 0 

Errand Hoy 31 4 0 

Charwoman and Ocoosiunul Assistimce 10 0 0 

Aecoimtaut'H Fee 10 10 0 


100 15 0 


720 13 0 


Library (Hooks aud Hinding) 250 0 0 

Museum 5 0 0 


Office Expenditure : 

Stationery 25 (» 0 

Miscellaneous Printing *‘10 0 0 

Postages and other Expenses HO 0 0 

135 0 0 

Publications : 

Gleological Map 10 0 O 

Quarter!} Journal HfiU 0 (► 

,» „ Commission, Postage, 

and Addressing 100 0 0 

Record of Geological Literature 75 0 O 

List of Follows 35 0 0 

Abstracts, including Postage 110 0 0 

1180 0 0 


Index to Quarterly Journal, vnls. L 50 (sanctioned by Special 
General Meeting, June 2l8t, 1893) 

Electric Lighting of Society’s Apartments 

Partial Kedecoration of Society’s Apartments 


375 0 0 
:KX) 0 0 
100 0 0 


£3262 8 0 



XXZiy PB0CBE0IK68 OF THE OEOI^ICAl SOCIFTT. [Maj 1 896 , 

Income and Expenditure during the 

EEOEIPTS. 


d. 

8 

5 


Balance in Bankers’ hands, IJanuary, 1895 . 345 1 

Balance in Clerk’s hands, 1 January, 1895 . 13 7 

358 

Compositions 305 

Arrears of Admission-fees 75 1 2 0 

Admission -fees 182 14 0 

258 


£ <. d. 


9 

18 


6 

12 


Arrears of Annual Contributions 157 

Annual Contributions of 1 895 : 

HosklfMit Fellows 1024 17 0 

Non-Besidenl Fellows ... 11 0 0 

1635 18 

Annual Contributions in advance 39 18 


Taylor & Francis : Advertisements in Journal, Vol. 50. . 
Publicat ions : 

Sale of Journal, Vol«. 1-50 85 0 H 

„ Vol. 51 * 72 12 H 

Sale of Library Catalogue 5 0 

Sale of Oeologiml Map 9 !l 0 

Sale of On iicnxrti Index 14 2 

Sale of H<K*lifftetler’B ‘New Zealand* 0 0 

Sale of List of Fellows 8 3 


15 


Jw. & N. W. Railway Stock . 

87 

0 

0 

L. & S. W. Railway Stock . 

108 

5 

4 

L. B. & S. C. Railway Stock . 

14 

10 

0 

Midland ILiilway Stock . . . 

25 

0 

9 

2J p. c. Consolidated Stock. 

50 

2 

0 

India 3 p. c. Stock 

29 

0 

0 


Sale of X3769 2s. 6(f. 2J p. c. Consolidated Stock at 

104g 3934 

Income Tax : 

Bepaymont of Tax under Schedule C for the year 
1894-95 10 

*Due hrom Messrs. Longmans, in addition to the 
above, on Journal, Vol. 51, X62 8s. Id. 


313 18 

0 


We have compared this Statement 
with the Books and Accounts presented 
to us, and find them to agree. 


(Signed) 

January 27th, 1896 . 


B. H. BROUGH, 
R. S. KERRIES, 


i) 


Auditors, 


0 

0 

0 


168 9 4 


9 3 


^183 13 10 
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Year ended December 31 e/, 1895. 


PAYMENTS. 

House Expenditure: £ », d, 

Taxe. 3 15 0 

Fire Insurance 15 0 0 

Gaa 24 9 7 

Fuel iNi 9 11 

Furniture ami Repairs 55 4 11 

House Rtnxvirs 29 7 4 

Anniml Cleaning 10 15 0 

Washing ami Siuulries 22 13 2 

Tea at Met'tings 13 12 1 


Salaries and Watrt's : 

Assistant Si'eretarv 250 0 0 

.. Half Life InsurancM' pnMuium 10 15 0 

Assistants in I-ibmrv, Chltee. ami Museum... 251 5 (i 


House Piirter ainl C|)jH^r-Hous<*iniiiil i iiielml- 1 |.j 

ing Cni form ami .VlKovainv f.T VVashiiii;) I’ 
IIou.stMuaid (inelmling Allowiuiee for Wa.nh- I j.» j-j ‘j 

«ng> / 

Krraml Hoy 29 H O 

CliarwoTinin and Oeea.siorml Assistanee 1 19 0 

AccounUird's Fee 1(> 10 O 


Office Kxja'iulitun' : 

Stationery 25 I 2 

Misee!lane«»u.M Printing 13 11 I 

Postages and Sundry Fxpenses S9 '» 10 

Oratuitie^ to Assistant -Seeretar> and Assist- 

ant -Librarian lO O O 


Library 

Museum 

Publications : 

Geo!(»g’uiil Map 

Journal, Vols. J-,’iO 

Vol. 51 7:iH M 1 

„ „ Commission, 

Postage, and Addressing . ft5 9 O 


List of Fellows 

Abstracts, including Postage 

Geoli>gi<iaI Literature 

Index to Quarterly Journal 


■1 15 7 
7 11 2 


824 3 1 
35 18 4 
107 4 5 
32 0 9 
75 0 0 


Inveetment in £2iJ(M » India 3 p. c. Stock 

at 104 2082 13 0 

Ditto in X1205 Midland Railway 4 p. e. 

Perp. Pref. Stock al 141^ 1850 10 6 


Balance in Bankers’hands, 31 Dec. 1895. . 835 5 10 
Balance in Clerk’s handa, 31 Dec. 1805 , . 10 9 7 


£ #. d. 


201 7 0 


001 4 0 


108 I 1 
171 0 0 

50 0 0 


1080 13 4 


3933 12 6 

851 15 5 


W. T. BLANFOBDy Treaiwrer, 


I71SS 13 10 



Wollaston Donation 
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Award op the Wollaston Medal. 

In handing the Wollaston Medal to Sir John Eyans, Z.C.B., 
D.C.L., F.R.S., F.L.S., Foreign Secretary (for transmission to 
Eddard Suess, Ph.D., For.Momb.R.S., For.Memb.G.S., Professor 
of Geology in the University of Vienna), the President addressed 
him as foDows : — 

Sir John Evans, — 

May I request you in your official capacity, as Foreign Seoretar}’, 
to receive and transmit to our est^'emod Foreign Member, Prof. 
Eduard Suess, of the University of Vienna, this Medal, founded by 
that eminent man, Dr. Wollaston, in 1S2S, ‘ to promote researches 
concerning the mineral structure of the earth, and to enable the 
Council of the (Jeological Society to reward those individuals of any 
country, by whom such researches may luTtaifler be made.* Of tho 
27 occasions on which this Mc‘dal has been transmitted tf) foreign ors 
it has twice before been awarded to Austrian (leologists, namely, 
in 18^7, to the illustrious llarramh*, and in 1SS2, to Franz Ritter 
von Hauer, liitondant of the Imperial ^luseum of Natural History 
in Vienna and Director of the (toologieal Survey of Austria. 

lu 8})caking of a man so wtdl known as Prof. Suess, words of 
commendation on my part are hardly needful. For Itii years 
he has occupied the (’hair of Geology in the Univorsity of Vienna, 
and has exercised an influeticci on the work of tin? distinguished 
school of geologists in that city-— including such men as Ncmmayr, 
lilojsisovics, Fuchs, Waagen, Penck, and many others — which ]»roveB 
him to be a great master of our Bcicnce. Since 1851 a steady 
stream of Memoirs, issued by him, has proved him to bo a groat 
worker in (k*ology ; while the intellectual stimulus of his writings 
on foreign geoh^gists shows him to ho a great thinker. He is 
worthy of this Award, therefore, not only for the work which ho has 
accomplished himself, hut ly what ho has roused otliors to do, not 
only by tho originality of his own thought, hut by the ox tout to 
which he has influenced the minds of others, 

Suess is not a specialist. Ho began work on (iraptolites ; ho 
next laid tho foundations of the modern classification of the 
Brachiopoda and Amraonit^es. Alpine problems roused his interest 
in Dynamical and Structural Geology, and led to studios of tho 
Austrian and Italian earthquakes, and to his suggestions of the 
4 ^nnexion between these and the great circle of European Tertiary 

d2 
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Yoloanoes and the elevation of the Alps. Work on the complex 
Tertiaries of the Vienna Basin and a study of the Mediterranean 
littoral geology led to his researches in Faunistic Palssontolog}^ and 
BO prepared the way for his pupil Neumayr. 

Saess^s varied knowledge, penetrative insight, and suggestive 
originality are porha^is best exhibited in his ' Antlitz der £rdc/ 
wherein ho tried to show the main factors and methods that have 
ruled in geographical evolution. 

The intimate union thus established between the problems of 
Geology and Geography cannot but be regarded as of tho highest 
importance to the advancement of both sciences, and the world 
has been made wiser by the ^ rich stores of knowledge which 
Prof. fSuess has garnered for geologists and geographers in all 
countries. 

Prof. Huess has been connected witli this Society since 1863, in 
which year 1 made his personal acquaintance when ho visited 
London. Ho has now boon a Foreign Member since 1876, and is 
one of tho three oldest foreign geologists on the Society’s List. 
His attachment to this country will be better understood when 
it is known that Prof. Suess was bom in London on the 20th 
of August, 1831, his father being at that time a merchant in tho 
City. 

1 am sure it will add to Prof. Suess's pleasure to be told that this 
Medal was awarded him by the unanimous vote of tho Council, and 
that wo send, with it, our warmest remembrances and good wishes 
for bis continued health and prosperity. 

Sir JuuN Evans, in reply, said ; — 

Mr. PBBSIDliNT, — 

The recipient of this Award, whoso professorial duties as well 
as his advancing age prevent him from attending this Meeting, 
has requested me to read the following communication from 
him : — 

* By adding my name to the list of those Masters of Geological 
Science who have been honoured before me by the award of the 
Wollaston Medal, your illusfrious Society renders me truly proud, 
and I can hardly &nd words adequate to express my feelings of 
gratitude. 

* In addition to field«-work, 1 have for many years laboured to obtain 
•ome approximately comprehensive view of the surfBUse-Btruotore 
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of the whole of our planet, and during this endeavour not a day 
has passed without bringing again and again before my eyes the 
Tastness of the British Empire, the world-wide activity of British 
geologists and travellers, and the enormous amount of geological 
work and learning recorded in the English language. 

* I often and gladly remember the kindness and tho instniction 
which during the course of my life I have rccoivod from my English 
masters, and above all from my repeated intercourse with Sir 
Charles Lyell, but I dared not think that ray own modest essays 
would ever be deemed worthy of this distinction — the highest that 
English geologists can bestow. 

‘ This, however, now comes to mo at an ago when tho natural 
diminution of physical strength confines me to valley and home ; 
hammer and bolt rest on their peg, ami dreams and remembrances 
alone still carry me along those Alpine wanderings which form tho 
highest charm of our incomparable science, and in tho lonely 
grandeur of which Man feels himself more than ever a child of 
surrounding Nature. 

‘ In these hours of enforced inactivity, the Award of your Society 
leads me to ho|)e that my past exertions have not been (juito in 
vain ; and with deepest thanks I rec(uve this M(?dal Jis a token of 
indulgence, of encouragoment, and also of consolation.* 


Award op tuk Wollaston Donation Fund. 

The President then presented to Ai.prkd Harkeb, Esq., M.A., 
F.G.S., of the Geological Survey of Scotland, and of St. John’s 
College, Cambridge, tho Balance of tho Proceeds of the Wollaston 
Donation Fund, addressing him as follows ; — 


Mr. Harker, — 

The Council re(|ue8t your acceptance of tho Wollast/on Fund in 
recognition of your admirable work in Petrology and your studios in 
the Metamorphic and Igneous Bocks and in Dynamomotamorphism, 
to which you have given such careful attention since you joined our 
ranks as a Fellow in 1884. 

1 have only to allude to your papers before this Society on the 
Gabbro of Carrock Fell and its Granophyres ; your petrological 
jQotes on rocks from the Cross-Fell Inlier; your paper on the 



zlii PBOCXSDIKeB OF TBS OEOLOGIO^ BOCIETT. [Ifaj 1896, 

eruptire rocks of Sarn, Caemaironshire ; your joint papers with 
Hr. Harr on the Bhap Granite and the associated Metamorphic 
Bocks^ — to show the nature of the work in which you hare been 
engaged. 

Tour Sedgwick Essay, on the Volcanic Hocks of Caernarronahire^ 
is a model of what such work should be. It has already received 
a well-merited encomium from your present chief, the Director- 
General of the Geological Survey. 

In the past twelve years you have also been a frequent con- 
tributor to the pages of the ^ Geological Magazine/ in which some 
twenty articles of yours are to be found. 

Lastly, your excellent ‘ Petrology for Students,^ issued from the 
Cambridge University Press last year, greatly adds to your credit 
in this field of research. 

This slight recognition from the Council may serve to assure you 
how highly your past work has been appreciated, and how much 
more good work wo trust that you will live to achieve. 

Mr. Habxee, in reply, said ; — 

Mr. Pbesidfjit, — 

I heartily thank the Council for the honour which they have 
conferred upon me, and yourself for the graceful words with which 
you have accompanied this Award. 

In the work to which you have made kind reference, I have 
confined myself to only one among the several lines of research 
recognized by this Society. 1 have, however, always regarded 
Petrology, not as a study apart, but as a branch of Geological 
Science; and whatever value may l)elong to my results, I owe 
in largo measure to the fortunate circumstances which have enabled 
me constantly to combine work in the field with work in the 
laboratory. 

Generous appreciation at the hands of those best qualified to 
judge is an incentive second only to the pleasure of the work itself. 
To the encouragement which I have at all times derived from the 
comradeship of fellow-workers, both at Cambridge and elsewhere, is 
now added that which must always attach to such an honour 
as the present one ; and for the encouragement, no less than for the 
recognition, I tender my best thanks. 
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Awabd of the Mubomison Medal. 

In presenting the Murchison Medal to T. Mellabd Esadb» Esq.^ 
C.E., F.G.S., the PBSsiDEirr said : — 

Mr. Mellard Beade, — 

The Council of the Geological Society have awarded to you the 
Murchison Medal, in recognition of your work on ‘ The Origin 
of Mountain lianges/ containing the records of much original and 
experimental research. Since you joined this Society in 1872 you 
have contributed to the various scientihc Journals, and to this and 
other kindred institutions, more than a hundred papers on geological 
subjects, treating of ‘ the Geology and Physics of the post-Glaoial 
Period in Lancashire and Cheshire,' ‘ the Buried Valley of the 
Mersey,' ‘ the Drift-beds of the North-West of England,' ‘ the 
Chalk-masses in the Contorted Drift, of Cromer,' ‘ Tidal Action as a 
Geological C’ause,’ ‘ the Moon and the Earth,' and many other 
kindred subjects bearing upon Dynamical Geology, to which you 
have devoted much careful thought and originality of observation 
extending over more than a quarter of a century, and have never 
permitted an opportunity to slip of adding to our store of geological 
knowledge. 

This Medal will serve to assure you that, although not often 
present at our Meetings, and living at a distance from town, you 
are neither overlooked nor forgotten by your follow-geologists hero, 
nor have your lal>ours been unappreciated. 

Mr. Mellard Keaoe replied as follows : — 

Mr. President, — 

It is with mingled feelings difficult, nay impossible, to express 
here, that 1 receive the Medal founded by the illustrious author of 
‘ Siluria,’ which the Council of this Society, in the exercise of their 
functions, have thought fit to award to me. If one circumstance 
more than another could add to the pleasure w'hich the Award affords 
me, it is, Dr. Woodward, that I receive it through you as President of 
this Society. I cannot forget that my first little geological venture 
was launched in the columns of the * Geological Magazine,' and that 
ever since you have proved to be a true and consistent friend. 

As regards the work and researches of which you have so favour- 
ably spoken, it is for others to assess their value, and for me to 
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rejoico that they have been considered worthy of so handsome a 
recognition. Like the founder of this Medal, I began the study of 
Geol(^y in middle life, and doubtless the direction and the character 
of my researches have been profoundly influenced by previous pro- 
fessional training as well as by natural bias. The study of Geology 
has been to mo a labour of love as well M an interesting and 
healthful recreation. It has also been an education. Doubtless 
some of the work to which I have directed my attention has been of 
an arduous nature ; but, as Shakespeare says, 

* The labour we delight in physics pain.’ 

It now only remains for me to thank the Council and yourself for 
this much appreciated recognition of my small services to Geological 
Science, and to assure you that the addition of my name to the dis- 
tinguished list of Murchison Medallists is calculated to inspire and 
support me in any further work which in God’s providence I may 
bo permitted to carry out. 


Award of the Murchison Geological Fund. 

The President then presented the Balance of the Proceeds of the 
Murchison Geological Fund to Philip Lake, Esq., F.G.S., 

addressing him in the following words : — 

Mr, Lake, — 

The Council of the Geological Society have awarded to you the 
Balance of the Proceeds of the Murchison Geological Fund, in 
recognition of your work in India, too soon interrupted by ill- 
health. Before you loft, however, you had made a solid contri- 
bution to the histon* of the origin of the remarkable liaterites 
of that region (Mem. Gcol. Surv. India, vol. xxiv. Art. 3, 1890), 
as well as to some other Indian geological problems. You have 
now commenced in Wales: first, in conjunction with Mr. T. T. 
Groom, at Corwen (Quart. Journ. Geol. Soc. 1893, vol. xlix. p. 426), 
and at a later date alone, near Llangollen (ibid, 1895, vol. li. p. 9), 
you have given the Society careful and accurate contributions on 
the Geology of these difficult regions. 

Nor have you neglected Paleontological studies, as your recent 
paper on Acidosis bears testimony. 

It is hoped that this Award may prove not only useful, hut that 
it may serve as an incentive to continued and important geological 
work in the near future. 
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Mr. Lake, in reply, said : — 

Mr. President, — 

I am deeply sensible lof the honour which the Council have done 
me in making this Award : for to a labourer in the cause of science 
there is no truer pleasure than the appreciation of his labours by his 
fellow-workers. It is an additional gratification that it should fall 
to my lot to receive the Award at your hands, since of late I have 
attempted to follow in your footsteps in the field which you have 
miide so ]>eculiarly your own. 

I feel, however, that the Award is a recognition far beyond what 
my work has hitherto deserved ; and 1 look upon it rathor as an 
encouragement to ]>crsoverc in the resoarchos which I have begun. 


Award of tiik Lykli. Medau 

In presenting the Lyell Medal to Anm uu Smith Woodward, 
Esq., F.L.S., the riiKsiDUNT said : — 

Mr. Artuuu Smith Woodwaud, — 

The Council of the Geological Society have awarded you the 
Lyell Medal, liecause it ai)peared to them that tlio Paleontological 
work to which you have so earnestly devoted your life since you 
oommencod your career in tlic Pritish Museum in 18S2 would have 
met with the cordial npjiroval of the distinguished geologist and 
writer who founded this Award. 

Trained at the Owens College, I^Ianchcster, you had, besides this, 
an innate love of scientific work, and only needed the opportunity 
to develop into an accomplished paleontologist of tluj Vertebrata. 

In dealing with the w Ijole field of Fossil Vertobrnta, you wavered 
at first between the varied groups to which your studies invited you ; 
but, after a few paj)ers on ^lammalia and Kcptilia, you turned with 
a steady resolve to the study of Possil Fishes, from which you have 
scarcely ever departed. 3fore than one hundred paf>crs on Fossil 
Fishes, besides a descriptive and illustrated (catalogue of Fossil Fishes 
in the British Museum, of which three volumi^s have already appeared 
(1889-96), and two Memoirs on the Fossil Fishes of New South 
Wales, attest the settled life-line of research to which you now 
stand committed. 
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But we have to thank you also for a joint work with Mr. C. 
Davies Sherborn, P.G.S., of the very greatest usefulness to palason- 
tologists, ‘A Catalogue of British Fossil Yertebrata,’ 1890 — a 
most trustworthy and excellent compilation, critically and carefully 
prepared. 

That ill the space of fourteen years you should have accomplished 
so much good work, is due to the fact that you have never wavered 
from the object which you hod set before your mind to accomplish, 
and even in your numerous journeys in Europe and to North America 
you have ever kept your Ichthyological researches steadily in view. 

I trust that this Medal, and the good wishes which accompany it 
from your friends here, will encourage you to the eompletion of your 
labours on the Fossil Fishes, and that the remaining group of the 
Teleosteans may enjoy the same careful and critical attention and 
study at your hands as you have bestowed upon the other and earlier 
groups. 

Mr. Smith Woodward, in reply, said : — 

Mr. President,— 

I desire to express my thanks to the Council of the Geological 
Society for the great honour that they have done me in making this 
Award, and to yourself, Sir, for the very kind and complimentary 
terms in which you have presented the Medal. During the last 
thirteen years I have merely tried to make the best use of the 
opportunities for research afforded by my official connexion with 
the British Museum ; and the gratification experienced in the pur- 
suit of duty of this kind is in itself so ample a reward for the labour 
involved, that a naturalist thus circumstanced scarcely looks for 
anything beyond it. Ylieii, however, the honourable marks of 
approbation officially bestowed are unexpectedly coupled with so 
highly esteemed a distinction os the award of the LyeU Medal by the 
Geological Society of London, I feel doubly encouraged to persevere 
and endeavour to merit the compliments that have been expressed . 

1 was first led to take a special int>ere8t in extinct Fishes by 
attending Dr. Traquair’s course of Swiney Lectures on the subject 
in 1883. I was thus enabled to apply to this field of research the 
methods that I had previously learned from Prof. Boyd Dawkins 
when a student in the Owens College. Since that time the kindly 
encouragement of so many friends — yourself and the late Mr. William 
Davies among the foremost — has made progress easy ; and the very 
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fortunate circumstance that most of the larger private collections of 
Fossil Fishes in this country have now been acquired by the British 
Museum, has afforded me favourable opportunities for study such as 
have never been enjoyed by any one previously. The biological 
problems suggested by these fossils seem to me to outweigh in interest 
the geological questions connected with them to so great a degree, 
that I have rarely been able to look upon them from any but a 
morjihologist’s point of view ; and all the more on this account do 
I appreciate the high honour that is conferred ii])on me by the 
Geological Society to-day. 


Award of the Ltkll Gkoix)uical Fund. 

The President then presented one-half of the Balance of the 
Proceeds of the Lyell Geological Fund to Dr. W illiam Fraser 
Hume, Assoc.ll.S.M. & ll.ColI.Sci., F.U.S,, and addressed him as 
follows : — 

Dr. Hume, — 

Although for several years you have been actively engaged as a 
Demonstrator in Geology in the Royal Collt'go of Science, you have 
not allowed any ojqiortunities for doing original work in the held 
to esca|>e you ; and your essay on the Chemical ami Micro-minora- 
logical Structure of tljo several zones of the UpjKJr Cretaceous rocks 
of the South of England illustrates admirably how such detailed 
work should best be carried out. 

Your papers on the ‘ Black-Eartli,’ ‘ the Loess,’ ami on tlio Chalk 
of Russia, ‘ on the Genesis of the Chalk,’ and on ‘ Oceanic Deposits,’ 
indicate the bent of your researches towards tlie niicro8C«q)ic inves- 
tigation of rocks — a line of study which Dr. II. C. Sorhy, F.R.H., a 
past President of this Society, so profitably engaged in. 

The Council hope, by the presentation ol this Award, not only to 
mark their appreciation ot your past researohcH, but to emaiuragc 
you to extend them to other ibrmations with the same useful 
results. 

Dr. Hume replied as follows ; — 

Mr. President,— 

At times a feeling of despondency has crossed my mind, when 1 
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have considered the vastness of our subject, and the smallness of 
the contributions which I have endeavoured to add to our know- 
ledge of the past ; it is therefore a great encouragement to 
receive this mark of approval from those whose opinion we most 
value and esteem. It would, indeed, have been strange if, with 
the resources of the Royal College of Science at my disposal, I 
had not availed myself to the utmost of such exceptional oppor- 
tunities. 

Two facts afford me special gratification on the present occasion : 
the first, that this Award should be intimately connected with the 
great geologist whose historical and geographical methods I have 
been most anxious to follow to the best of my ability ; the second, 
to receive it from you, seeing that you were the editor who piloted 
with friendly hand my first publication, at a time when it was 
especially in your power to damp or re-inspire the ardour of a young 
enthusiast. Therefore, to you, Sir, to the Council, and to the kind 
friends who have aided me by active counsel or friendly criticism, I 
hereby tender my most warm and hearty thanks. 

The President then handed the other moiety of the Balance 
of the Proceeds of the Lyell Geological Fund to Charles W. 
Andrews, Esq., B.A., B.Sc., F.G.S., of the British Museum (Natural 
History), and addressed him as follows : — 

Mr. Andrews, — 

Although your scientific career has been but a short one, you 
have lost no time in c? gaging in active and earnest studies in the 
Comparative Osteology of the Fossil and Li^^ng Vertebrata, and 
have already done some excellent work on the remains of the extinct 
gigantic Birds from Madagascar and from other parts of the world. 
Your papers on Keraterpeton from the Coal Measures, and on the 
Oxfordian genera of Plesiosauria, prove that you have already 
acquired an accurate knowledge of many points of detail in the 
structure of these extinct Reptiles which can only be appreciated by 
an equally careful study of existing forms. 

In making this Award, the Council desire not only to assist and 
encourage you in the work which you have taken in hand with so 
much enthusiasm, but they have a confident expectation that you 
wiU ere long contribute papers to their Proceedings, which shall do 
honour to their prescience and bring cv3os to yourself. 
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Mr. Andrews, in reply, said : — 

Mr. President, — 

I wish to express my sincere thanks to the Council for the great 
honour that they have done me, and to you, Ij^ir, for the altogether too 
kind remarks that you have made. It was always my earnest desire 
to study the structure of animals, but in my wildest dreams I never 
hoj^d to have such opportunities us I now enjoy at the Natural 
History Museum, and 1 feel continually a sense of rosj)on8ibiUty 
and fear lest 1 should prove unequal to the task which lies before 
me. Having now received this Award, 1 am still further bound in 
honour to do my utmost t o justify it, and to fulfil as far as possible 
the expectations that you have expressed. 


Award of thb Bablow-Jambson Fund. 

In handing a moiety of the Barlow- Jameson Fund to Dr. G. Jr 
Hinde, F.G.S. (for transmission to Joseph Wright, Esq., F.G.8., of 
Belfast), the President addressed him as follows : — 

Dr. Hinde, — 

The Council have awarded the sum of Twenty Pounds from the 
Barlow- Jameson Fund to Mr. Joseph Wright, in recognition of the 
valuable services that he has rendered to the Paheontology, not 
only of the Carboniferous rocks in the South, but of the Cretaceous 
and Post-Tertiary deposits in the North of Ireland, and the Glacial 
deposits there, and in Scotland. 

Mr. Wright is the author of numerous papers in the Transactions 
of the Belfast Naturalists’ Field-Club, on the Irish Liassic and 
Cretaceous Foraminifera and other Microzoa ; he has also pre|mrcd 
and published many lists of Foraminifera from the Scottish and Irish 
Boulder-Clay and other post- Tertiary deposits. 

He has done much good work, extending over many years, when 
resident in the South of Ireland, in connexion with the fossils of 
the Carboniferous Limestone, and both as regards these, and the 
newer deposits of the North, his 8i>ccimen8 have l>een always 
available to any one engaged in writing on the fossils. To 
Davidson, Rupert Jones, Holl, Brady, myself, and others Joseph 
Wright’s cabinet was ever accessible and his specimens were freely 
lent for study. 
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1 trust that this Award will serre to express to Mr. Wright our 
appreciation of his services, and will act as an incentive to him to 
continue his useful geological work. 

Dr. lIiKDE replied as follows : — 

Mr. Pkksidkkt, — 

It gives me great satisfaction to receive this Award on behalf of 
my friend Mr. Joseph Wright. He is unfortunately unable t-o be 
present, and has sent the following letter for communication to 
you : — 

* I desire to express my sincere thanks for the lionour conferred 
u])nn me by the Council of our Society in recognition of my past work, 
and for their assistance in the further i)rosccution of my researches. 
AVorking so remote from the headquarters of the Society causes this 
Award to be the more appreciated. 

* I regret that 1 am prevented from being present to receive it 
in person, but I hope that the Cimucil \^'ill accept this expression 
of my feelings regarding their approval of my work in a somewhat 
neglect ed fi(‘l(l. 

‘For some years jaist nearly all my s]mre tim(‘ has been spent in 
microscopically examining the (ilaeial flays for Foraminifera. My 
anticipation as to the occurrence of these organisms in (’lays laid 
down under glacial conditions has been liilly confirined both as 
regards our local di'posits and other liritish (’lays, and 1 cannot 
avoid thinking that this fact must more or less intiucnce our views 
as to tlic origin of these drifts.’ 

In handing to A. Stu^han, Esq., M.A., F.G.S. (for transmission to 
Mr. John Stokuh:, of (’arditf), tho second moiety of iho Award made 
from the Harlow- J ameson Fund, the rui:s]i>i:NT addressed him as 
follows : — 

Mr. Strauan, — 

The Council have accorded to Mr. Storrie the sum of Twenty 
Pounds from the Harlow-J ameson Fund, in recognition of his 
services for the advancement of Geological Science while in charge 
of tho Cardiff Museum, and, subsequently, as a volunteer worker on 
the Geology of South Wales. Mr. Storrie, I am informed, was the 
first to detect and describe an actual exposure of the base of the 
Old lied Sandstone near Kumney, and his researches have done 
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much to elucidate the obscure plant-remains from the Silurian rooks 
of that localit}'. 

In the Rhtptic and Triassic strata he found and fixed the exact 
horizon of certain fossils new to the district, while in the latter ho 
made an interesting discovery of grains of gold. His intimate and 
accurate knowledge of the Cardiff area proved of great service to 
Geologists at the time when the llritish Association held its mooting in 
that town. Indeed few Geologists Imve worked in the neighbourhood 
of Cardiff witliout being indebted to him for assistance. 

I have much pleasure in handing you this Award for transmission 
to Mr. Siorrie. 

Mr. Strauan, in reply, said : — 

Mr. Pia»ini:NT, — 

It will be a great jileasure to me to f(»rwjird this Award to 
Mr. Storrie. The pages of our .Innriial te^*til■v to the value of the 
aid that he has rendered to many Fellows of the Soei(‘ty. I have 
myself been indebted to him for most valnalde nsHistanec in the 
geological mapping of the neighbourhood of Carditf. Mr. Storrie 
writes to me : — 

‘ I regret that it will not be in my (»ow(?r to attend personally 
to thank the lV(‘sident and t^mneil for thc‘ great honour that they 
have done me. 

* 1 am afraid that up to now I have not don(‘ enough to warrant 
my selection, but if <'ver 1 am able in future? t.o do anything in the 
way of original work I shall be ve-ry aijxious to justify this choice 
and give my whole mind to the aecomplishment of the best work 
possible. 

‘ You wdll, I hope, emivoy in better words than I can the (jxtremo 
gratitude which 1 feel for tin* -\ward.’ 
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THE ANNIVEBSAEY ADDEESS OP THE PEBSIDENT, 
Henry Woodward, LL.D., F.E.S. 


Gertlexen, — 

The past year has left behind it a long and mournful record in 
our ‘Street of Tombs,’ and, as my own allotted time is so brief 
to-day, I would suggest that we should each entwine a garland of 
laurels and immortelles in memory of those whose names wo 
honour, and so, hammer in hand, go forward. 

Of aged Fellows, one, Eobert Fitch, of Norwich, had reached 
his 03rd year. He was a cont(^mporary of my father, Samuel 
Woodward, the Norfolk geologist, but twelve years his junior. Six 
Fellows and two Foreign Members — namely. Prof. C. C. Babington, 
the Ven. Archdeacon Browne, Sir Fk H. Bunbury, James Carter of 
Cambridge, Mr. E. J. Chance, Gen. Copland-Crawford, Prof. J. D. 
Dana, and Prof. Sven Loven — were between 80 and 90 years 
of ago. Six Fellows and t w^o Foreign Members — the Marquis de 
Saporta, lU. Hon. T. H. Huxley, Prof. L. Kiitimeycr, the Hon. 
Walter Afantcll, Mr. P. H. Lawrence, Mr. E. A. Wiinsch, the 
Jtev. E. Duke, and Mr. Richard Carter — were betw’cen 70 and 80 
years of age. Eight Fellows — namely, Mr. J. W. Hulke, For. Sec., 
Mr. T. J. Slatter, Dr. J. E. Taylor, !Mr. Charles Tyler, Rev. Lester 
liestor, Mr. J. Walter Taylor, Mr. W. S. Mihies, and Dr. G. W. Cline 
—wore between 00 and 70. The remaining five w ere between 35 
and 00; — Prof. Valentine Boll, C.B., Mr. J. Mitchell, Mr. G. F. 
Hosking, Mr. Hugh Miller, and Mr. J. E. Williams. 

We have lost two Past Presidents : the Rt. Hon. T. H. Huxley, 
P.C., and Mr. J. W. Hulke, For. Sec.; four Foreign Members; 
namely, the Marquis de S;iporta (^France), Prof. J. D. Dana (United 
States of America), Prof. S. Loven (Sweden), Prof. L. Riitimeyor, 
M.D. (Switzerland) ; and one Foreign Corresi>ondent, Sr. Don 
Antonio del Castillo (Mexioo). 

Three of these were also Wollaston Medallists. Another Wol- 
laston Medallist died last year who was not a Fellow of this 
Society, — Prof. W. C. Williamson, F.R.S. 78). Williamson was 
distinguished as a palaoobotonist, and was for many years Pro- 
fessor of Botany in Owens College, Manchester. His collection, 
illustrative of the structure of Fossil Plants of the Coal-Measures, 
has just been acquired by the Trustees of the British Museum. 
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The Mabqoib of Sapobia, who was a Corresponding Member of 
the Institute of France, and a Foreign Member of the Geologioal 
Society of London since 1889, was bom at Saint-Zaoharie (Var) in 
1823. He spent some time in a Jesuit college at Fribourg, and 
in 1861, in conjunction with M. Matheron, published his first 
paper on a palseobotanical subject, ^ Examon onalytique des Flores 
tortiaircs do Provence/ From that date up to the time of his 
death, which occurred on January 26th, 1895, Baporta devoted 
himself, as a keen student, to the problems of his chosen scionoo. 

His earlier works dealt especially with tlio Tertiary vegetation 
of the South-east of France : the tloras of Aix, Manosque, 
Sezanne, and other lociilities, have formed the subjects of elaborate 
monographs, in which he has not merely recorded lists of fossil 
species, but has dealt with the facts from a broad and philosophic 
standpoint. between the years 1872 there api>enred the 
splendid serii‘s of volumes on ‘ the Jurassic Flora of France’ : this 
comprehensive work, with its numerous illuslratious and exhaustive 
text, forms an indispensable handbook to students of Mesozoic 
B(»tany. Saporti/s most, recent work, on * Upper Jurassic and 
Lower Cndaceous Plants/ appeared a few months before his death, 
‘Flore fossile du Portugal (Direction des Travaux g/'ologiques du 
Portugal), It contains a detiiiied geological and botanical 

analysis of an exceedingly interesting flora, and Hupi)li(*.s fnish facts 
of considerable importance towards a more complete knowltKlge of 
the early history of dicotyledonous plants. 

In addition to Ids numerous papors on palmohotany, Saporta has 
left such works as ‘ Le Monde des IMantes avant PApparition de 
PHomme,’ * Origine j)aleontologique des Arbros cultives ou utilises 
par ITloinme,’ and, in collaboration with Prof. Marion, ‘L’ Involution 
du Rigne Vegetal ’ ; these form fitting meraorials of his wide 
knowledge as a palacoboianist, and of his zealous advocacy of the 
im|x>rtaiiee of fossil forms to the student of plant.-ovolution. Jly some 
readers 8aj>orta is ]>erha|i5 best known as the too eager upholder 
of the claims of certain structureless casts and impressions to be 
included among fossil algtc. The valuable contributions to this 
subject by Nathorst have clearly shown how little weight must be 
attached to any speculations as to the development of plant-life based 
on Baporta's ^ Alguos fossiles * or bis ‘ Organismes problematiques 
des anciennes Mers.’ 

As a contributor to Tertiary and Mesozoic botany, Baporta’s name 
will always be associated with that of Heer and Ettingshansen p 
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attd tbe later genentioti of woiirars in this branch of pahe- 
onMogy may well look upon him aa a worthy pupil of Adolphe 
Brongniart, whose philosophic spirit and scientific handling of facts 
are reflected in the writings of his younger countryman. The 
writer of a recent obituary notice in a French scientific journal 
has thus happily expressed Saporta’s unfailing industry : * A des 

traraux considerables suceddaient des entreprises plus considerables 
encore, et Ton oubliait Page on voyant Foeuvre s’augmenter et les 
horizons s’etendre toujours.’ — [A. C. S.] 

John Whitaker Huike, F.R.S., President of the Royal College 
of Surgeons of England : Foreign Secretary of the (Geological Society 
of ]x)ndon. 

Only four days after the Anniversary Meeting last year, in the 
plenitude of his honours, and in the faithful discharge of his duties 
for the alleviation of suffering humanity, our late Foreign Secretarj- 
gave up his life. As senior surgeon ho was summoned to ilid- 
dlesex Hospital to perform an operation on February 7th, one of 
the most terribly severe nights of that exceptionally trying month ; 
he returned home, fatigued and suffering from bronchitis, at 
A.M., but attended and operated at the hospital on the 9th ; 
visited his patients again on the 19th and 11th, when serious 
illness prostrated him, and he succumbed on the 19th February 
to pneumonia. 

John Whitaker Uulke was born on Xoveraber bth, 1830, being 
the cld(*r son of a well-known and widely respected general practi- 
tioner at Deal. The original family name was Hulcher, his ancestors 
being Dutch by origin, who had escaped from Holland during the 
Hpanish iK'rsecutions under Philip 11. and Ferdinand, Duke of Alva, 
and settled on the Kentish coast. There for some two hundred 
years they have followed the vocation of medicine. He was 
educated at King's College School, and at Kouwied, in Germany, 
and at the ago of nineteen entered tho medical school of King s 
College, where he was a dresser to Mr. (afterwards 8ir) William 
Bowman, and house-surgeon to Sir William Fergusson. It was 
while he occupied this position that he attended the Duke of 
Wellington in his last Dlness, his father being the Duke's regular 
medical attendant and obtaining leave to avail himself of his son’s 
services as assistant. In 1854, when the Crimean War broke out, 
he was early to volunteer, and at the beginning of 1855 was 
appointed assistant surgeon to the British Civil Hospital at Smyrna. 
Thence ho was sent to Sebastopol, and in that awful campaign of 
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iiraoediaUe fidmeat, gross mismanagsiii^t, stid gsUintry as oltoi 
as not ineffective, bore himself, in the o|imion of everyone, with 
^»atient courage as a brave soldier. 

On his return from the East he became medical tutor of King’s 
College Hospital, and, having previously been elected a Fellow of 
the Royal College of Burgeons of England, was appointed, in 1858, 
assistant surgeon to Moorficlds Hospital. He had previously been 
elected assistant surgeon to King's CoUogo Hospital, where, having 
duly served his allotted period, he was appointed, together with 
Dr. Charles Murchison, a colleague at King's, to the Middlesex 
Hospital, of which institution he was the senior surgeon at the 
time of his death. 

3ilr. Hulke’s earliest mark was made in ophthalmology. Ho 
obtained the Jacksonian Prize of the Royal College of Burgeons 
of England for an essay on the ^lorbid (Changes of the Retina ; 
his treatise on the Use of the < )phthalmoHcopo (IStil) formed an 
excellent introduction for most (»f the ]»rofeHsion to the now system 
of intraocular exjiminntion ; his Arris aud (Jjile Lectures, delivered 
before the Royal (’ollege of Burgeons, and subs(H|uently published, 
dealt with tlie Minu1(* Anatomy of the Ky(‘. 

Mr. Hulke was elected a Fellow of the Royal Sc»ciety in 18(17, 
his claim bring based exclusively on researches relating to the 
anatomy and jdivsiology (d the retina in man and the lower animals, 
particularly in tlie reptiles. These were emhodied in two papers 
ill the * Philosojihical Transactions' (‘On the Anatomy of the Fovm 
centralis of the Human Retina,' and ‘On the (’hiinieleon's Retina’), 
and in a p;jj)er on the ‘Retina of .Amphibia and R(‘ptilos,* in tho 
first volume of the ‘ Journal of Anatomy and J’hysiology.’ These 
arc characterized by patient and conHcbuitioiis minuteness in the 
working out and description of details, and cautious rescTve in 
drawing inference's. I'robably the most imj>ortant and p<*rmanontly 
valuaWeof Mr. Hulke's researches were those ndatiiig to tho Retina 
of the Chameleon, which the abundant material at liis dis|>osal 
enabled him to elaborate in a more coraj>lete manner than had 
before been possible. 

Mr. Hulke served on the Council of the Royal Boeiety during 
l871f, 1S80, 1888, and 18SR; and was also a MemlKJr of the 
Scientific Relief Committee. His communications to tho Trans- 
actions of that Society were numerous, and the last of them was 
read before it on May 12th, 1892 — ‘ On the Shoulder-girdle in 
Ichthyosauria and Sauropterygia.’ 

Very soon after he became a Fellow of the Royal Society Hulke 
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intitf^nred hk allegianoe to geol(^, between which and his pro* 
fecrion as a oonsnlting surgeon his energies were thenceforth to be 
dinded. Had he continued his anatomical studies he would 
without doubt have attained to the foremost rank among physio* 
logical anatomists. 

During the quarter of a century which followed his first con- 
tributions to geological science, Mr. Hulke found leisure to apply 
himself to research in this field, notwithstanding his constantly 
increasing practice. He did so to so good a purj)ose that he became 
a palaeontologist of no ordinary merit. His knowledge of compara- 
tive anatomy, and especially of osteology, enabled him rapidly to 
grasp the meaning of structures presented by the remains of fossil 
vertebrates ; and this, combined with a naturally keen perception 
and a rigid adherence to facts, soon caused his opinion on palaeonto- 
logical matters to be sought, and held in the highest estimation. 

It was the fossil llcj>tilia which more especially occupied Hulke’s 
attention, and his numerous papers on their osteology are a monu- 
ment to his industry. Many of the fossils which he described 
were, in part at least, freed from the matrix by his own facile 
chisel ; and in this mechanical work, as lie himself has said, he 
often found relaxation when his mind was overwrought by profes- 
sional anxieties. 

Mr. Hulko’s well-earned vacations were often spent at localities 
of geological interest, more especially with a view to working out 
the fossils which might be obtained. Por this purpose he paid 
frequent visits to Brook, in the Isle of ^Vight, wlience have come 
many specimens of Wcolden Dinosauria ; near here also, at Biixton, 
was preserved the unique collection of these Wealden reptiles, made 
by the llev. W. Pox. Por many years Mr. Hulke was the only 
paloBontologist who had free access to this collection ; and he did 
much good work in bringing to light its hidden treasures, which 
would otherwise have remained almost unknown until after the 
death of the owner, when they were acquired by purchase for the 
British Museum. 

In the year 1868 , Mr. Hulke was elected a Pellow of the Geological 
Society of London, and from that time onwards the pages of the 
‘Quarterly Journal’ of that Society were frequently enriched by his 
writings. No fewer than six of his papers were published in the 
two volumes which followed the year of his election, and these, with 
one exception, were descriptions of Saurian remains from the Kim- 
meridge Clay of Dorset. Several other papers on reptiles from the 
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xame locality appeared in anbceqnent Tdlnmea ; Imt Mr. Hulke was 
more partioiilarly interested in the Dinoeanria, and many oon- 
tributions to the osteology of this interesting group of reptiles haTe 
appeared in.the * Quarterly Journal’ of the Geolospcal Society, and 
in the * Philosophical Transactions ’ of the Royal Society* 

Our first knowledge of the cranium of Igwmodon was due to 
Mr. Hulke’s work upon a specimen from the Isle of Wight, which 
oompletely revealed the brain-cavity, but, as it did not include the 
fiu^ial bones, its affinities were by no means easy to determine. 

In 1873 and 1874 Mr. Ilulkc mode additions to our knowledge 
of the small AVealden Dinosaur, which had been named by Professor 
Huxley IJi/jailophoclon Founi ; and in 1 882 a still more important 
memoir on the same s|>ccies was published in the ' Philosophical 
Transactions.’ 

In 1874 and 187b he showed that a certain botio of Ljuanodon, 
which had been rtgardt'd os a scapula, w:is really a part of the 
pelvis ; and, indeed, it provcnl to bo the remarkable pubis of that 
reptile, which so nearly resembles that of a bird. 

In lS7b the two genc^ra, Foifydo^deuron and MeffaUminrus^ were 
proved by him to ho one and the same Dinosauriun g(mus. In the 
same year he described t he remains of a new Weahhm Dinosaur 
under the name of Vectimarus vahlemh \ and in 1880 he made 
known one of the most perfect lguant)donB discovered in this 
country, obtained by Prof, (now Sir) Joseph Prestwicli, from the 
Kimmcridge Clay of Cumnor, which ho named Irptanodon PrtsU 

In the following year there appeared in the * I’hilosophical 
Transactions’ Mr. Ilulke's memoir on ]*ol(iainlhtis /'o.r/i. This 
remarkable Dinosaur, the name for which had been suggested by 
Sir R. Owen, has a broad dermal shield spread out above the iliac 
bones in such a way as to form a kitid of carapace over the lumbar 
and sacral regions; besides this, largo spines and scutes were 
attached to other parts of the animal s body. 

Mr. Hulke’s presidential addresses to the Geological Society, 
1883-84, formed an important contribution to our knowledge of 
reptilian osteology, and especially threw light on the structure of 
the shoulder-girdle in Plesiosaurs and their allies. 

The Iguanodont-remains found in England have been more or 
less fragmentary, and discoveries made by other workers which 
might serve to elucidate their structure were always hailed by 
3ir. Hulke with extreme satisfaction. No one more heartily 
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rejoiced than he did when the geologists of Belgium made known 
the discovery of the series of magnificently perfect Iguanadm 
skeletons, a facsimile of one of which now adorns the Museum 
of Natural Historj’ in Cromwell Boad. 

Mr. Hulko served for many years on the Council of this Society, 
and the high esteem in which he was held by the leading geo- 
logists of the day, as well as the thorough appreciation of his 
palaeontological work, found expression by their electing him, in 
1882, to fill the Presidential chair of this Society, and, in 1887, 
by presenting him with the Wollaston Gold Medal, the greatest 
honour that it was in the power of the Council to bestow. In 1891 
ho was elected Foreign Secretary of the Geological Society, which 
office ho still hold at the time of his decease. 

Mr. Hulke left behind him a large 8eri(« of most valuable speci- 
mens, mostly of Dinosauria, obtained with his own hands from the 
UndorclifFin the Isle of Wight. This collection has been presented 
to the British Museum (Natural History) by Mrs. Hulke, in memory 
of her husband. 

Lieutenant-General 11. F. Copland-Crawpord, 11. A., was elected 
a Fellow of the Geological Society of London in 1875, and died at 
his residence, Suiibury Lodge, near Wembley, Harrow, on March 5th, 
1895, in his 85th year. 

He was for many years a constant attendant at the Anniversary 
Meetings of the Palmontographical and Geological Societies, and 
his handsome, tall figure, military bearing, and his graceful method 
of proposing resolutions on such occasions will be remembered by 
many Fellows. He was not a w^riter, but a reader of geological 
literature. 

Sir Edward Herbert Bunbuki, Bart., was born in 1811, and 
educated at Trinity College, Cambridge, where, in 1833, he 
graduated B.A. (was senior classic and Chancellor's Medallist), and 
M.A. in 183G. Five years later he was called to the Bar of the 
Inner Temple, and was M.P. for Bury St, Edmunds from 1847 to 
1852. He was elected a Fellow of the Geological Society in 1837, 
but does not appear to have communicated any paper to the 

* Quarterly Journal.’ Sir Edward Bunbury brought out his 

* History of Ancient Geography ’in 1879, and was a contributor to 
Sir William Smith’s * Dictionaries of Greek and Roman Biography 
and Geography,’ especially the latter. He died on March 5th, 
1895, in his 84th year. 
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Robebt Pitch, F.8.A. — Geology, like other branohoa of Natural 
History, has owed much of its progress to the seal of collectors. 
Of these, one of the most painstaking and successful was the late 
Robert Fitch, who, in addition to a most valuable collection of 
antiquities, had gathered together a very fine series of fossils from 
the Crag and Chalk of Norfolk. He was born at Ipswich, on 
October 2l8t, 1802, educated at the Grammar School, and appren- 
ticed to a chemist and druggist in the town. Pursuing this 
occu{)ation he settled at Norwich, in 1827, in partnership with 
Mr. Sheriff Chambers, and continued until he was over 90 years of 
ago to take an active interest in business. From an early date 
he took great pleasure in fossils, and his specimens were always at 
the service of those engaged in palmtuitological studies. 

He sitldom wrote on geological subjects, his chief literary con- 
tributions being to the ‘Transactions of the Norfolk Areliteologicol 
Bociety.’ In 183(5, however, ho communicated to tho Geological 
Society an account of the discovery of the tooth of a Mftstodon in 
the Crag at Thorpe, near Norwich; and in 1840 he sent to tho 
‘Magazine of Natural History* a ‘Notice of the existence of a 
disliuct Tube within the hollows of the Paramoiulra.’ In later 
years he announced befoio the Norwich Geological Society the 
finding of I)ta*r's antlers in re-depositc'd Chalk at Hartford Bridges, 
near Norwicli ; and also the discoveries of Flint Linpleiuonts in the 
valley of the Little Ouse. 

His fine collection is ]daced in a special room in tho now Museum 
buildings at Norwich Castle. Ho died on April Tith, LS95, in the 
93rd year of his age. 

Jamks Dwioiit Dana was born in Utica, Now York, on February 
12th, 1813, and was educated at Yale College, where ho graduated 
in 18il3. On leaving Yale, he ent-ered the service of the United 
Ktates Navy os teacher of mathematics to rnidsliipmen. In this 
capacity he visited, on board the ‘Delaware’ and the ‘United 
States,’ a number of the seaports of France, Italy, Greece, and 
Turkey, the cruise lasting fifteen months. 

Id 183(5 he became assistant to Prof. Benjamin Silliman, the 
mineralogist, and in 1837 ho published his ‘ System of Mineralogy,' 
a work which obtained a worldwide reputation, and which ran 
through numerous editions, of which tho last was issued in 1892. 
Dana was next apj)oirjted Geologist to the Wilkes Exploring 
Expedition, which sailed in 1838, and returned in 1842. The 
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expedition consisted of five ships, the route pursued being briefly 
as follows : — First to Madeira, then to Rio Janeiro, down the coast 
and through the Straits of Magellan, after passing which, while on 
board the ‘ Relief,’ he nearly suffered shipwreck off Noir Island, the 
ship remaining for three days and nights in extreme peril ; in the 
same storm one of the smaller accompanying vessels was lost. 
Thence they sailed to Chili, Peru, and across to the Paumotus, to 
Tahiti, and the Navigator Islands ; then to New South Wales, 
where the naturalist/S remained while Commodore Wilkes went into 
the Antarctic region ; then to New Zealand and the Fiji Islands, 
where two of the officers were murdered by the natives ; thence to 
the Sandwich Islands, the Kingsmill groufj, the Caroline Islands, 
and north to the coast of Oregon. Hero, near Ibe mouth of the 
Columbia river, the ‘ Peacock,’ the ship to which Dana had been 
assigned, was wTccked, entailing the loss of all his personal effects, 
as well as many of his collections. He then made one of the party 
that crossed the mountains near Mount Shasta, and found their way 
down the Sacramento river to San Francisco. In his report of the 
expedition he states that the geological featur(‘s indicated the 
probable presence of gold. This was six years la'forc the discovery 
of gold in California, and rich mines have since been dise(»vertd in 
the region over which the party wxmt. At San Francisco they 
■were taken on board the ‘ Vincennes ’ and the homeward voyage 
was made by way of the Sandwich Islands, Singapore, the Cape of 
Good Hope, and St. Helena, arriving in Now York in June, 1842. 
As a result of his connexion with the expedition he published the 
Reports on Geology, Crustacea, and Zoophyta, and spent in all 
thirteen years editing and superintending the printed reports 
resulting from these voyages. In 1855 he succeeded to the Chair 
of Mineralogy at Yule, a jmsition which he held till 1804, when he 
resigned. His ‘ Manual of (ieology’ appeared in 1803, a fourth 
edition having been issued only lost year, 1805. He was part 
editor of the ‘American Journal of Science’ from 1840, and con- 
tinued his interest in it up to the last. 

Dana received the Copley liledal from the Royal Society in 1877, 
and the Wollaston Medal from the Geological Society in 1872; he 
was a member of the Academy of Sciences, Paris, and of the 
Academics of Rerlin and Munich. Moreover, he was elected a 
Foreign Member of the Royal Society in 1884, and of the Geological 
Society in 1851. 

His publications amount to nearly 400 in number, and when one 
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considers that these include such colossal works as his ^ Mineralogy ’ 
And his * Manual * and * Text-book of Geology,’ one is astonished at 
Prof. Dana’s wonderful power of work, nor is one surprised to 
learn that his health broke down ii|)on several occasions owing to 
his excessive mental labours. It is extremely touching t-o read of 
Prof. Dana working on at the new edition of his ‘ Manual of 
Geology’ at the ago of vS2, and being actively assisted in oil his 
literary labours by his life-long comjKinion with never-failing and 
watchful care to the end. 

It is impossible to do justice to this distinguished man and 
personal friend in so short n notice, but we feel that, with our 
American brethren, we have lost in him one of the greatest figures 
in geolog}* of our time. Prof. Ihina died on April 14th, 1895, in bis 
82nd year. 

It is hardly credible that a man could hav(> attained to so high 
a position at once in zoology, in mineralogy, and in geolog}’, and, 
from the specialization now rendered necessary by the progress 
of natural knowledge, we cannot expect to look upon his like 
again, nor to see united in one man attainments so variwl in 
character as were tiiose of the American veteran, lames Dwight 
Dana. 

As a man, ho was noted for the gentleness and kindncjss of his 
character, so that he was always on excellent tcrnjs with all his 
colleagues. He leaves a widow and four sons and daughters. 

Mr. JosKi’H Mitciikul, Jun., AHsnc.M.iiiHt.C.K., was born on 
September 7th, 1840. He was distingiiishod as a colliery engi- 
neer in the South Yorkshire district, several of the largest mines 
in the Ilarnsley district having been either sunk or re-opened by 
him. Among the latter may be noticed the Swaitho Main and 
Edmund’s Main Collieries, re-opened and jmt in order afUjr ex- 
plosions, and of the former the Mitchell Main Colliery. A more 
important enterprise for the devedojiment of 2500 acres of the 
Barnsley bed at Criraesthorpe was commenced about six months 
before his death. Both as Secretary and President he contributed 
largely to the development of the Midland Institute of Mining, 
Civil, and Mechanical EnginocTs, and he was also very active 
in the formation of that most useful body, the Federated Insti- 
tution of Mining Engineers. He was elected a Fellow of the 
Geological Society in 1873. His death occurred on April ISth, 
1895. 
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Yalbvtihb Ball, C*B., M.A., and LL.D. (Dublin), F*It.S., 
Director of the National Museum at Dublin, was the 
second son of the well-known naturalist. Dr. Robert Ball, who died 
in 1867. His elder brother is Sir Robert Ball, of Cambridge, and 
his younger brother is Dr. Charles B. Ball, of Merrion Square, 
Dublin. Dr. Valentine Ball was born on July 14th, 1843, at No. 3 
Granby Row, Duidin, a house well known in those days as a leading 
centre of intellectual resort in that metropolis. He was educated 
first at a private school by Dr. Brindley at Chester, and afterwards 
by Dr. Benson, in the early days of Rathmines School. 

Valentino Ball entered Trinity College in 1860, and about the 
same time Im was appointed by the later Master Fitzgibbon to a 
clerkshi]) in the office of the Examiner in Chancery. His University 
career was not an eventful one in the academic sense, for the duties 
of his office in the Four Courts did not leave him sufficient time for 
more than obtaining an ordinary degree. A taste for scientific 
pursuits was, however, so marked that in 1864, when he was 
twenty-one years of age, he was appointed to the Geological Survey 
of India, then under the direction of Dr. Thomas Oldham. Ball 
felt that this would give him the opportunity which he wanted for 
the study of nature in a wide field, and accordingly he went to 
India, His duties as a geological surveyor often led him into very 
unfrequented parts of our Oriental posse8s.ion8, and frequently, for 
many months together, he lived in camp in the jungle, apart from 
all other Europeans. Wherever Ball travelled he utilized his oppor- 
tunities to the utmost ; indeed, throughout his life, his diligence 
could hardly have been surpassed, and nothing worthy of notice 
that came within his range was unobserved and unrecorded. It 
was presently apparent that the young geological surveyor was not 
only able to fulfil his duties in making a careful investigation of 
the rooks and of their economic value, but that various other 
branches of natural history were sedulously cultivated by him. 

Steadily the reputation of the Indian geologist advanced in 
scientific circles. He was elected a Fellow of the Calcutta Uni- 
versity in 1872. He devoted a short vacation to extending his 
travels to the Andaman and Nicobar Islands, and to visiting 
Barren Island and Narcondam volcanoes in the Bay of Bengal, 
which ho described in the ‘ Geological Magazine,* 1879, p. 16, pi. i. j 
1888, p. 404 ; and 1893, p. 289, pi. xiii. 

In 1874 Valentine Ball was elected a Fellow of the Geological 
Society of London. His first important volume, * Jungle life in 
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India,’ gives a record of his travois and summarises the results of 
his numerous papers. This work was followed by an elaborate 
treatise on the economic geology of India. His scientific reputation 
had by this time become so firmly established that, on the resigna- 
tion of the Chair of Geology in the University of Dublin by the 
Rev. Dr. Haughton, Valentino Ball was appointed his successor. 
Thus was brought to a close his connexion of soveutoon years with 
the Geological Survey of India. 

In 1882 he was elected a Fellow of the Iloyal Society. In 
September 18811, Ball was appointt'd Director of the Science and 
Art Museum in Dublin, and resigned his Professorship in the 
University for the coveU'd jwst of Custodian of tho new Museum, 
which he so ably and admirably organized, and to which ho devoted 
the remainder of his life with unsparing energy and zeal. 

Though his death was premature, yet it may be said that ho had 
lived long enough to see the substantial completion of his life’s 
task, the arrangement of the new Museum, which will long remain 
as a testimony to his work. 

The University of Dublin conferred on him the honorary degree 
of Doctor of J^iws, and by Jler Majesty lie was made a Comjjanion 
of the Bath. With most of the scientific societies of Dublin 
Dr. V. Ball was in intimate association. 

In 1879, ho married tho eldest daughter of the late John Stewart 
Moore, of Moyarget, Co. Antrim, lie leaves a family of four young 
children. For some years Dr. Balls health had been failing. 
Towards the middle of June serious symptoms beeanio apparent, 
and he passed away pea(>cfully on the afternoon of June 15th at his 
residence, 28 Waterloo Road, Dulilin. 

The only communications which Valentine Ball made to tho 
Geological Society w(?re ‘ On the probable Mode of IVunsjmrt of the 
Fragments of Granite and other Rocks which are found emheddod 
in the Carboniferous Limestone of the neighbourhood of Dublin,’ 
Quart. Journ. Geol. Soc. vol. xliv. (1888) p. .‘171 ; and *()n some 
Eroded Agate-jKjbbles from the Soudan,’ Quart. Journ. Geol. Soc. 
vol. xliv. ( 1 888 ) p. 208. 

In the Right Hon. Thomas Hkxbv Hcxlev, this S(iciety has lost 
one of its most distinguished Fellows, and the world of science one 
of its brightest ornaments. 

He was elected a Fellow in 18t56, was placed upon the Council in 
1858, and in the same year was chosen to be one of the Secretaries, 
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filling that office till 1802. In that year, owing to the absence from 
England of the then President, Mr. Leonard Horner, Mr, Huxley 
drew up and delivered the ciistomar}' Anniversary Address. He was 
a Vice-President in 1 800» ; filled the office of President of the Society 
in 1808-Oi*, and was again a Vice-President in 1871. 

His first jKiper wjis read before the Society as early as 1856, and 
his last (on Jiifiterorlapedon (hrdont) on May 11th, 1887, a j)oriod 
of 81 years, during which time he communicated 25 separate papers 
and three Presidential Addresses. 

In 1870 the Society awarded him the blue-ribbon of our science, 
the Wollaston Medal. 

Such is the record which Huxley has left us within those walls; 
but the energies he possessed, and the genius which inspired him, 
carriefl him into many other fields, and we cannot claim for our- 
selves more than a share in the life-work of this gifted and brilliant 
naturalist and scholar. 

Thomas Henry Huxley was born at Ealing on May 4th, 1825, 
and was for some years educated at the School in his native place, 
where his father was one of the masters. This ]>reparatory course 
was followed hy assiduous private reading, including (Jerraan scientific 
literature, and instruction in medieint* received from a brother-in- 
law, wdio was a jdiysician. He afterwards attend(*d lectures at the 
Medical School of the (’haring (Voss Hospital. In 1845 he passed 
the first M.Ik examination at the University of London, taking 
honours in anatomy and physiology. Even before this he had 
given evidence that his mind was occupied with something more 
than the technical details of the medical profession, for, while yet a 
student at Charing Cross Hospital, he liad sent a brief notice to the 
‘Medical Times and (tazotte ' of that layer in the root-sheath of hair 
which has since borne the name of Huxley’s Layer. After devoting 
himself for a short time to the practice of his profession among the 
poor of London, he, in 1840, joined the medical service of the Royal 
Navy, and was sent to Hnslar Hospital. Here he did not remain 
long, hut, like so many other men who have made their mark in 
biological science, set out on a voyage round the world. 

Through the influence of the distinguished naturalist, Sir John 
Richardson, who had accompanied Franklin in his early Arctic 
expeditions, young Huxley obtained the post of assistant-surgeon 
on Her Majesty’s ship Ratilemakf, then about to proceed on a 
flurveying voyage to the Southern Seas. The ship sailed from 
England in the winter of 1840, and did not return until Novemhery 
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1850. During the greater part of that time the llattU>snak€ was 
employed in surveying the eastern and northern coasts of Australia 
and the coast of New Guinea. The seas lying between the Great 
Barrier Beef and the coast of the mainland wore of special interest 
to the naturalist. Huxley took ample advantage of his opportunities 
to study the fauna of the seas which he traversed, with the results 
known to all naturalists. The eommunicat ions which he sent homo 
during the voyage made his name well known t-o the scientific world 
even before his return. Several of these wMTe published in the 

* rhilosophical Transactions* of the Boyal Society, and it is in- 
teresting to note that his first j)aper was presented to the Society 
by the then Bishop of Norwich (father of Capl. Owen Stanley, It.N., 
who commanded the Jiatt/tunah ), and read .lime l^lst, 18dB: 

* On the Anatomy and AlHnities of tin* Medusa.'.* Huxley in vain 
endeavoured to obtain the publication by I lie Government of a part 
of the work done during his voyage, uml it was not until I SoB that 
his great work, entitled ‘tleeanic Hydrozoa, a description of the 
Calycophoridie ami riiysoplioridit^ observed during the voyage of 
Her Majesty's ship liofilesnalr* ^ was given to the world. 

The reputation whic h he had ulrcMidy altain<‘d at the early ago of 
211 is evident from the fact that in the year after his return, 
he was elected a Fellow of the Royal Society, and in 1852 was 
awarded one of the Society's Royal medals. In 1S5;{ he left- the 
Naval Service, and the following year, on the removal of Kdward 
Forbes from the Royal School of Mines to the (’hair of Natural 
History in Edinburgh, Huxlc^y was appointed ITofessor of Natural 
Histoiy^ including rula cmtology, in that institution, a post which 
he held until his retirement at the ugc of bO- — an ago ut which, os he 
was wont to assert, every scientific man ought to commit the happy 
despatch. In the same year, 1854, he w'os appointed Fullerian 
Professor of Physiology to the Royal Institution and Examiner in 
s Physiology and Comparative Anatomy to the University of liondon. 
Other posts and honours crowded thick uiK>n him. From 18fk‘J to 
1809 he held the Chair of Hunterian Professor at the Royal College 
of Surgeons. In 1802 he was President of the Biological Section 
at the Cambridge Meeting of the British Association, and eight years 
later held the Presidency of the Association at the Liverpool Meet* 
ing. In 1809 and 1870 he was President of the Geological and 
Ethnological Societies. As might be expected, Prof. Huxley held 
strong and well-defined views on the subject of education. He was 
a man who at all times had a keen sense of public duty, and it was 
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this which induced him to seek election on the first London School 
Board in 1870. Ill-hefilth compelled him to retire from that post 
in 1872, but during? iiis j^eriod of service as Chairman of the 
Education Committee he did much to mould the scheme of education 
adopted in the J5oard Schools. 

He wuH electe d Secretary of the Iloyal Society in 1873, and ten 
years later was called to the highest honorary position which an 
English scientific man can fill, the Presideney of that Society. 
During the ahseneo of the late Prof. Sir Wyville Thomson with 
the ‘Challenger’ Exjjedition, Huxley, in 1 875 and 1870, took his 
place as I’rofessor of Natural History in the Univc'rsity of Edinburgh. 
p>om 1881 to 1885 he acted as Inspector of Salmon Fisheries. 
Put this and all his other official posts he resigned in 1885, shortly 
after which he removed to Eastbourne. 

During the 3-4 years that elaj)sed between his return from the 
‘ Kuttlosnake ’ voyage and liis retirement from his various official 
posts, Huxley’s activity as an investigator, ns a writer, as a lecturer, 
ns a citizen of Ji(mdon and of England, and as u man of healthy 
social instincts was incessant. Tliere is hardly a department in the 
wide field of zoology, in its most coin}>rehcnsive sense, in which he 
has not done original w ork. Huxley's investigations have explained 
many diflieult problems in the mtahanism of im n and animals. So 
far as the character of his work is concerned, he is to be compared 
rather with ( )wen than with Darwin ; though not only was the quality 
of his work more solid and enduring, but in many ways liis type of 
mind w^as essentially different from that of Owen, more liberal, more 
open, free from what may jierhups be called the i)ettine88 which 
hampered Owen’s scientific vision. Huxley’s investigations, it may 
fairly be said, especially after the publication of the ‘ Origin of Species,’ 
were to n largo oxUrnt guided by the Darwinian theor} ,and the results 
may be regarded ns among the most substantial confirmations and 
illustrations of the doctrine of evolution as j)ro])Ounded by Darwin. 

In the year before the ]mblicatioii of the ‘Origin ’ he chose as 
the subject of his Iloyal Society Croon ian Lecture ‘ The Theory of 
the Vertebrate Skull,’ in which, so high au authority as Prof. 
Haeckel assures us, he first opened out the right track to a solution 
of a perj)lexing problem. Much of Huxley’s technical work was 
published through the Royal Society, the Geological Survey, the 
Geological Society, and other media familiar to specialists, but seldom 
consulted — even by the educated general public. To give a mere list 
of these many memoirs would serve no purpose. Such important 
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subjects are dealt with as the Evolution of the Crocodilia, theClassi- 
fication of Birds, the Binosauria, Fossil Fishes, Ghjptodon^ the 
Affinity between Re]>tilos and Birds, CeratoduSy the Cranial and 
Dental Structure of the Canida\ Reproduction and Aforpholog>' of 
Aphtgy the Development of Pprosomti, Tliese few from amonp the 
titles of many memoirs will suffice to show that Huxley’s special 
researches deal with the history and structure of animals of many 
types, and that by themselves they would justify the verdict of 
Ernst Ha'cktd that Huxley was the first zoolojrist among his 
countn'men. In (his connexion may he mentioned his ‘ Manual of 
the Inverhhrata,’ his ‘Lessons in Elementary Physiology,^ and 
other text-hooks. ‘ When we consider the long series of distin- 
guished memoirs with which,* to ipiote Hreelud, ‘ Prof. Ifiixley 
has enriched zoological literature, we find that in each of the 
larger divisions of the uiiimnl kingdom w<' an* imh'hted to him 

for important discoveries M<>re important than any of the 

individual discoveries which are eonfained in Huxley's minierous 
less and greater researches on the most widely ditferent afiimals, 
an* the [profound and tnily tdiiloaophical eoneepliens which have 
guided him in his emjuirii-s, have* always eimhled liim to distinguish 
the essential from the unessential, and to value speeiiil ernjiirical 
facta chiefly ns a means of arriving at general ideas.* 

Huxley had a ]»ower of ]>o]mlar (•xp(>sition almost unecjuallcd. 
He could make plain, even to an ordinary working-man audi<mc(\ 
the hearings of the most recondit<* reseandies of the zoologist and 
botanist; witness his famouH Xorwirli lecture ‘<)n a Piece of 
Chalk,’ and the memorable sermon which he gave on a Sunday 
evening a (juarter of a century ago in the midst of shocked 
Eldinhurgh. But it is not only to tin* <»rdiMarv intelligent- roud(*r 
that his numerous lectures, addn'sses, and magazim^ articles apjieal. 
It is to these in their crdlected form that the special erupjlrer must 
go to find the broad results of Jfuxley’s arduous scientitic, investi- 
gations. It was his duty when first he assumed Ins j»ost in the 
School of Mines to give a eourse of lectures ev(Tv alf-ernate year to 
working men: and it was through this f liarinel that ho first 
made known his remarkable discussion on ‘ Man’s Place in Nature.* 
This was one of the earliest and one of the most striking results of 
the publication of the Darwinian theor}', for it was given to the 
world some ten years before the issue of Darwin’s ‘ Descent of 
Man.’ Even by those who maintain that influences have been at 
work in the development of Man, additional to those which have 
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been common to him and the lower animals, it may be said that 
Huxle/s conclusionH as to the intimate relations between humanity 
and the higher apes have been generally accepted. It was in the 
same ‘ popular ’ form that Huxley gave to the world many other 
theories and disquisitions which have had much to do with moulding 
educated opinion during the last (juarter of a centur}\ Thus in 
his three addresstrs as J*resident of the Geological Society : on 
‘ Geological Contemporaneity and Persistent Types of Life,’ on 
‘ Geological Jtoform,’ and on ‘ l*ala;ontolog}’ and the Doctrine of 
Evolution,’ he dealt in his characteristically clear and masterly 
manner with problems that- still agitate evolutionists — the im[)er- 
fection of the record, the duration of geological time, the succession 
of life on the l‘a(;o of the earth, and (»ther matt^TS of profound 
interest to geologists and biologists. In his papers on ‘The 
Methods and Itesults of Ethnology ’ and on ‘ Some Eixed Points 
in llritish Ethnology ’ he introduced into the somewhat chaotic 
branch of investigation that deals with Man a simplicity of treat- 
ment and a scientilic method whicli have done much to raise it 
above a mere collection of min iated facts. The lectures delivered 
in America in 1S7(> brought together the data as to the evolution 
of the Horse with a cogency that form> one of the most telling 
arguments in lavour of the Darwinian hypothesis. 

The only posts which Huxley continued to fill up to the time of his 
death were t hose of Dean and Honorary Professor of Biology in the 
Itoyal College of Scienct% South Kensington, Trust 00 of the British 
Museum, and President of the Pulieontogrupliicul Society of l^ondon. 

lu ISbli he was admitted a member of the Privy Council, having 
previously refused the honour of knighthood. 

It is impossible to enumerate here the many honours conferred 
upon Prof. Huxley. Ho was made a iloctor of the Universities 
of Edinburgli, Dublin, Cambridge, Oxford, Breslau, and Wurzburg. 
The Academies of Jlrussels, Stockholm, Copenhagen, Cairo, Berlin, 
Gottingen, Haarlem, St. Petersburg, Lisbon, Home, Munich, Phila- 
delphia, and many others, conferred on him their diplomas. He 
was made on Honorary Fellow of the Iloyal Society of Edinburgh ; 
a Member of the Iloyal Irish Academy ; of the American Academy 
of Science ; and (in 1 87b) a Corresponding Member of the Institute 
of Franco (Section Anatomy and Zoology, in place of Von Baer). 
He was also a Knight of the Polar Star of Sweden. 

Turning to his published works, we may refer to his ‘ Oceanic 
Hydroxoa ’ ; his * Lectures on Comparative Anatomy and Physiology’ ; 
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* Lessons in Elementary Physiology ’ (1806), and many subsequent 
editions ; * An Introduction to the Olassifioation of Animals ’ (1809) ; 
‘Lay Sermons, Addresses, and Iteviews' (1870). His text-books 
on the Anatomy (I.) of the Vertebrata (1871) and (II.) of the 
Invertebrata ; his ‘ Practical Biology*; ‘ Man's Place in Nature’ : 
his works on the Crayfish, and on Physiography, well illustrate the 
wide exUnit and versatility of his powers, both us a naturalist and 
author ; but it was by his lectures and addresses that ho displayed 
the most marvellous of his intellectual gifts, and produced the 
greatest efiect upon the science of bis time. He had that wonderful 
power of carrying his audience along witli him, and tlio happy 
facility of bringing his knowledge withifi the mental grasp of his 
hearers. 

Of the 144 papers uttrihutod to Prof. Huxley in the Iloyal 
Society's list of scientific pa|)ers extending from 1847 to 1884, the 
following may be mentioned as directly eonnectod with our own 
science : — 

(in the Method of I'aUeontolo^y (AtinalM, 186(1). l\vptteephalu» ('ooj/nri, n Coal^ 
tnetiMure (VuNtmeaii ((^. «). (i. S. lHu7). On the ^enuH i^ttn'anjn* (lirit. Amium:. 

1868) , On i'tphahtnpin hikI l*tera»pi» ((J. .1. ti. S. 1 h 5H). On 
JCtkeriiltfei ((j, ,1. (i. S. Ih 5H). On Peniinteiit Typim of Aninml Life (lioy. Inst. 
Proc. l«58-ej). Oil S|M'eies and itucoM and thoir Origin (Itoy. lnnt. PriH*. 1860). 
On StatfotutIrjnH linhfrtstmi (( 4 . J.O. S. 1H5U). On Home Ainphiliiaii und lt<*ptiliaii 
KtfinuiiiH from South Africa and Auntralia (( 4 . J. (*. S. 1H6U). On i)irynod(m 
Murrayi, South Africa, and on SkuIU of liicynoduntH (( 4 . .1, (). S, 1869). On 
Rhamphorhifuchm /unJi, a Pterosauriaii from StoiioHfiidd ((4> O. H. 1869). 
On a KoHHil llird and a Fo.^hil Cetacean from New Zttalund (( 4 . J. O. H. 1850). On 
licnnul Armour of ('mcoUU tin ilanlintfuitr (( 4 . *1. U. S. 1H69). On the Anatomy of 
Pterjfffotug ((ieol. Siirv. Mein. 1859). On iJaaycept Jiurklandi (Gool. Kurv. Mom. 

1869) . Oil the Lower .law of a l^abyrinthodont ((icol. Surv. Mem. 1859). On 
Macrauchenia boliricnaia (( 4 . J. G. S. 1861). On Ftaraapia dumenaia (Q. J. G. 8 . 
1861). SyHU^matie Arrangement of Devonian FinheH (Geol. Surv. Mom. 1861). New 
Labyriiithodoiitn from Kdinhurgh (W- 6 eld (( 4 . J.G. H. 1862). On a Htalk-eyed 
CruMtaceHii from the Coal-tneasurcN, Painley (( 4 . J . G. S. 1862). On the Promolar Tooth 
of JJiprotwlon 1 ( 4 . J. G. S. 1862). On a New Species of (Jljfptoditn (Iloy. Hoc., Proc. 
1862-6.'i). Anthracoaaurua Uuaaelii^ C'oaLlield, Lanark (( 4 . J. G. H. 1863). On 
(Jetaceaii FotoiiU teniud ‘ Ziphiua,' (’uvier, from the Jlwi Crag (Q. J. G. H. 1864). 
Osteology ot GlppUnUm (l*hi). Tranw. 1866). Vortebrate liernaiiis from Jarrow 
Colliery, Kilkenny, Ireland ((iool. Mag. 1866). Diuoaaurian lloptiles from South 
Africa ((4* J. G. S. 1867). On Aeanthtypholia horridua, a new lleptile from the Chalk 
Marl (Geol. Mag. 1867). New Specimen of Talarpatcn elginanaa (( 4 . J. G. H. 1867). 
Animals intemiediate lietween liirds and Keptiles (GeoL Mag. 1868). Two new 
Fowil LacertiUans from South Afnca (Geol. Mag, 1808, pp. 201-266). On Arekmth- 
ptcrjfx litkographica (Itoy. Hoc. Proc. 1868). On HgperodapedoH (( 4 . J. Q. B. 
1869). On a new Labyrinthodorit, Pkoliderption acutigarwm^ from Bradford 
((!• J. G. S. 1869). On the Upper Jaw of MagaUtaamrua (( 4 . J. G. 8 . 1869). Prin* 
ctplea and Methods of Palseontology (Smithsonian HeporU, 1869). The Milk- 
Dentition of Falaotharimm magnum (Geol. Mag. 1870). On Hgpnlophodan JFoxii^ 
a new Dinoeanrian from the Wealden, Ule of Wight (( 4 . J. G. B. 1870). Further 

▼OL. LU. f 
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EWdence of tbo Affinity between tbe DinoMnrian Reptiles and Birds (Q. J, Q. S. 
1870). On tbe Classification of tbe Dinosaurio, with Obfiervations on tbe Dinosanria 
of tbe Trias (Q. J. 0. K. 1870). Triassic Dinosanria (‘ Nature,' 1870, p. 23). On tbe 
Maxilla* of 'M^galmaum* (Phil. Ma^. 1870). (With Dr. E. P. Wrifrbt) On the 
Fossil Vertebrata from the .Tarrow Colliery, Kilkenny, Ireland (Roy. Irish Acad. 
Trans. 1871 ). On Sla/fonolepia RnberUoni, etc. (Q, J. G. S, 1876). On the Evidence 
as to the Origin of existing Vertebrate Animals (lectures, ‘ Nature,’ 1876). Tbe Rise 
and Progress of I*H]H*ontology (‘Nature,' no. 24, 1881). The Coming-of-age of 
the ‘Origin of Sjieries’ (1880, Roy. Inst. Proc. 0, 1882). 

It mat’ he truly said of Huxley that, although an antagonist to be 
feared, and a vigorous hater of all shams, he was also a warm- 
hearted and staunch friend, and one who never forgot a service 
rendered to him. The influence of his writings and his scientific 
lahours will long outlive the memory of those who now mourn 
his loss. 

Charles Caruale Baiuroton, M.A., F.R.S., Fellow of St. John’s 
College, Cambridge, was bom on November 23rd, 1808, at Ludlow. 
He was a student at St. John’s College, Cambridge, and graduated 
in 1832. In 1801 he succeeded Prof. Hermlow in the Chair of 
Botany at the ITniversity. He retained his professorship until 
his death, on July 22nd, 1805, but for the later years of his life 
ceased to take an active part in the work of the Botanical School. 
Prof. Babington attained to tho highest position os a critical 
British botanist, having an intimate and accurate acquaintance 
with tho flora of our islands, and was the first to carefully correlate 
it with that of Europe.' 

Tho best testimony of tho value of his work is the fact that his 
* Flora ’ has passed through eight editions in his lifetime, and still 
remains a standard work. In fossil botany his only contributions 
are tho determination of some plants from the peat of Cambridge- 
shire. 

He published ‘ A History of tbe Chapel of 8t. John’s College, 
Cambridge,’ and contributed many papers to tho publications of 
tbe Cambridge Antiquarian and other Societies. 

He was elected a Fellow of tbe Geological Society in 1835, but 
never contributed any paper to its Quarterly Journal. 

Thomas James Blatter, whoso decease we have now to record, 
died at his house, ^ The Drift,’ Evesham, on August Ist, 1895, in 
his diet year. He was a geologist whose knowledge of the locality 

' See Babington's * Manual of Britieh Botany * ; the first edition appeared 
in 1843, and the eighth in 1881. 
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in which he lived and^ worked was most intimate and reliable. He 
was bom at Gloucester in lvS34, while his family was for many 
years located at Stratton, near Cirencester. He was the cousin and 
intimate friend of John Jones, of Gloucester, whose contributions to 
geological literature are well known. Mr. Slattor commenced his 
business life, when quite a young man, in the Gloucestershire Bank, 
and then took up his al»odo at Evesham. Ho became successively 
manager of the Moreton-in-the-Marsh, llodditch, and Evesham 
branches of the Bank, but retired into private life a few years 
since, and, having erected a house on Green Hill, near Evesham, 
he removed thither his extensive and most interesting collection 
of Liassic fossils. In I S7b he became a Fellow of tin* Geological 
Society, hut, to the regret of those who knew how careful an 
observer he was, he never became the author of any work on 
gcologA*, nor even of any contribution to a periodical on the geologj' 
of the district w hich he knew so well. 

(iKORGK Francis Hoskino, who resided at Bendigo, Otago, Now 
Zealand, was elected a Fellow in ISOl. He dif d at Dunedin, 
New Zealand, August l^^th, iHDo. He had not contributHul any 
paper to the Society. 

By the death of Mr. Jamrs (Jartkr, F.H.C.S., which took placo 
at Cambridge on August 31st, 1895, in his 82nd year, ono of the 
few remaining links which connected the days of St^dgwick with 
those of the modern school of geology in Cambridge has been 
broken. During the greater part of his life Mr. Carb^r practised 
as a surgeon in Cambridge, wdiere his house, in l*eity Ciiry, was for 
many yaars the resort of the leading geologists and mon of science 
in the University, who never failed to find in Mr. and Mrs. Carter 
genial, cultivated, and hospitable hosts. 

Mr. Carter was especially interested in palaeontology, and devoted 
much of his time to this and other scientific subjects. Ho contri- 
buted papers to the Geological Magazine and the Quarterly Journal 
of the Geological Society, the chief being ‘On a New Species of 
lehtliijosaurug from the Chalk/ * ‘ On Orithopiis Bonneyiy “ ‘ On 
a Skull of Bo 9 /»Amif/enius perforated by a Stone Celt,* * ‘ On the 

‘ Brit. Amoc. Beporu, 1845 (1846), Sec. p, 60, and Lend. Geol. Joum. 1846» 
f oL i. p. 8, woodcut. 

* Geol. Mag. 1872,pl.xiii. f. l,p.629. 

^ Geol. Mag. 1674, p. 462. 
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Decapod Croataoeans of the Oxford Clay/ ' and ‘ On Foasil Isopoda, 
with a Description of a New Species/ ^ 

Mr. Carter was recognized as an authority on the fossil Podo- 
phthalmatous Crustacea, and had for some time been engaged in 
collecting materials for a monograph on that group ; he has left 
his manuscript in an advanced state. He retained his interest in 
his pursuits almost till the lost, and was engaged in his scientific 
work to within a few weeks of his death. He was elected a Fellow 
of the Geological Society in 1877. He served on the Councils of 
the Geological and PabDontographical Societies for some years^ 
and was a local secretary of the latter society. 

Mr. Carter presented his coUection of Cambridge fossils to the 
Woodwaidian Museum some years before his death. 

Sven Lov^n, the eminent Swedish biologist, died at Stockholm, 
September 3rd, 1895. He was bom in the same city on January 
6th, 1 809 ; his father was a wealthy merchant, who provided his 
son with an excellent education, the higher stages of which were 
carried on partly in the University of Upsala, and subsequently in 
that of Lund, where Loven, in 1829, took the degree of Doctor of 
Philosophy. In the following year he studied zoology at Berlin 
under such teachers os Ehrenberg and Kudolphi, and then returned 
to Lund as Docent in Zoolog}% Several succeeding years were 
almost exclusively spent in studying the marine fauna, and more 
particularly the moUusca, of the western coasts of Sweden, and the 
field of liis investigations was afterwards extended to the shores of 
the northern part of Norway and Finmark. 

In 1837 Lovi*n sailed to Spitzbergen and inaugurated the first of 
the Swedish scientific expeditions to that island. Though his 
observations were mainly directed to the marine fauna of this 
region, the geological phenomena did not escape his observation, 
and he was the first to discover the Carboniferous strata of the 
island. He also obtained fossils from newer rocks, which proved to 
be in part identical with those from the Jurassic beds of Petchora 
Land, described by Xeyserling, and thus established the existence 
of Jurassic deposits in Bpitsbergen. 

In 1839 Loven supplemented his study of the mollnscan fauna 
of the Arctic regions by visits to the Museums of London, Paris, 
and the principal towns of Germany. He thus fitted himself for 
the position of Intendant or Keeper of the Lower Invertebrata in 

^ Quart. Journ. 6^1. Soc. vol. zlii. (1^0 P* pl* 

* Gaol Mag. 1889. p. 193. pL vi. figs. 1-7. 
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the Swedish State Museum, with the associated title of Professor 
to the Academy of Soicuoos, to which he was appointed in 1841, 
He fulfilled the duties of this office for the long period pf 61 years, 
retiring in 1892, when the natural infirmities of age disabled him 
from further service. One of the duties assigned to the Intendants 
•of the Museum was the preparation of an annual report, including 
a record of the general progress in the particular branch of 
science to which each belonged ; in doing this Lovdn brought out a 
fairly complete report of the zoological and palaeontological litera- 
ture of the Lower Invertebrata for the years 1840-49, in three 
iliick volumes. The great increase of scientific literature after this 
latter date would have needed all the time of the Intondant to keep 
a proper record of it, and therefore t he obligation was abolished. 

Lovens repeated journeys across Sweden by way of the Outa canal, 
from Stockholm to ilohusliin on the west const, gave him an oppor- 
tunity of studying tiie geology of the country, and so intimately 
was he ac(juaintcd w’ith it that (on Berzelius’s ri>commendation) he 
accompanied Sir Itoderick Murchison from Odteborg to Stockholm, 
bringing under his notice the best known Silurian localities in 
Eastern and Western (iotlaiid. The friendshi]) then formed was 
fdeasantly renewed some ten years later, w'hen he met Murchison 
and the laL‘ Prof. John Morris at Marienhad. 

The eritictt) knowledge possessed by Lovi'm of the Mollusca of the 
Arctic and North Seas enabled him to reeogni 743 the distinctly 
Arctic character of th(^ shells in the (ilacial do{K> 8 itH of Sweden, 
now olevatocl considerably above the sea-level. Ho first pointed 
out, in 1839, this evidence of the former presence of an ice-cold sea 
over parts of Sweden. Later on, in 1800, ho published several 
papers on cert.ain Crustacea and fishes, now living in the larger 
inland lakes of Sweden, which were shown to be the d(‘scondantt 
vf forms inhabiting Arctic seas, constituting a relict-fauna which 
had thus survived the changes of habitat and climate. 

Lovdn’s researches on the Mollusca continued uj> to 1800; from 
then onwards to the close of his career, a poriofi of over 30 years, 
his energies were devoted to the study of Kchinodormata. His 
renown as a biologist will mainly rest on his magnificent work on 
the Echinoidea, as shown in the two principal memoirs * Etudes sur 
les '£)chinoides,’ published in 1874, and ^ On Pourlalenay a genus of 
Echinoidea,’ in 1883. Among the authors who have most clearly 
illustrated the developmental history and the organic relations of 
the Echinoidea, Sven Lov^n will stand in the foremost rank. 

From his early days Loven recognized the intimate reciprocal 
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ooimexion of zoology and pabBontology ; this standpoint was steadily 
followed in his great work on the Echinoids^ and he gave a practical 
expression of his views on this subject by arranging the fossil and 
recent representatives of this group side by side on the same shelves 
in the Btate Museum at Stockholm. 

Both in his own country and abroad, Loven was honoured as a 
master in natural-history research, and his amiable character and 
personal kindness endeared him to his colleagues and fellow- 
Academicians in Stockholm. He w^as chosen a Corresponding 
Member of the Institute of France in 1872, a Foreign Correspondent 
of the Geological Society in 1803, and a Foreign Member in 1882, 
He was further a Foreign Member of the lioyal Society, and of 
the Academies of Berlin and Vienna. And lastly, in 1893, he 
received the Frussian Order ‘ Pour le Merited ’ (G. J. H.) 

The Hon. Walter Baljdock Durrant Mantell was the eldest 
son of Dr. Gideon Mantell, F.lt.S., F.G.S., the well-known Sussex 
geologist and discoverer of the Jguanodon. He was born in 
1820, and left England about 1840 for New Zealand, where he 
became a man of great public importance, holding the posts of 
Minister for Native Adairs, Postmaster-General, and Secretary for 
Crown Lauds. He was ever mindful of the interests of the Maoris, 
and sought to serve them to the utmost of his power. 

In 1847 Mr. Mantell sent home the first remains of AotemU, 
These were described by Owen as belonging to an extinct form, 
but two years later, in 1849, Mantell obtained from some sealers 
on the south coast of Middle Island (now called the South Island), 
where he vrus Government Commissioner for the Settlement of 
Native Claims), a skin together with the skull and some limb-bones 
of a ^otomxs recently hunted down with dogs, and killed and eaten 
by these men. Not long afterwards another smaller skin was 
obtained. Both these specimens are preserved in the Natural 
Histor}* Museum. 

The bird was apparently unknown to the Maoris, but there are 
traditions of a * Swamp-Hen,’ called on the North Island * Moho,^ 
and in the South ‘ TakahiV which may have been the liotomis. 

In 1868 Mantell read a paper before the New Zealand Institute* 

^ For many of the data in the abo?e notice the writer is indebted to the 
sympathetic notice of his late colleague by Prof. G. Lindstruin in OeoL Foren* 
i 8t<^hoIm Forhaiidl. Bd. 17, Haft 6, 1895, pp. 627-638. 

* Trans. Baw Zealand Institute, vot i. 1868. 
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* On the Moa,’ in which he insisted that these birds were con- 
temporaries of Mail, their remains being found charred and broken 
in the Maori ovens, together with stone implements. He also 
discussed the cause of the extinction of the Moa, aud ascribed it 
chiefly to the agency of man, a view now generally accepted. 

In a later paper read before the Wellmgtou Philosophical Society, 
1872, he discussed statements that hud been made, that Moa-bones 
had been found beneath marine deposits with extinct shells, and 
stated that this idea arose from a misapprehension of some informa- 
tion supplied by him to his father, wlio employed it in his paper 
before the Geological Society.' Ho also gave an account of some 
new localities in which Moa-romains hud been found, including 
Waikonaiti and To-liaugatupu. in the latter he obtained a large 
numlKjr of fragments of Moa-eggs, several of which he sucoeeded in 
restoring. Some of those specimens are now in the Natural 
History Museum.^ 

Mr. Mantell was elected a Fellow of tho Geological Society in 
1858. He died on September 7th, 1895, at tho ago of 75 years. 
He was in correspondence with Sir William Flower, at tho time of 
his death, as to a further donation of his remaining private oolloc- 
tion of Moa* remains to the British Museum, which it is ho]>od may 
still be made by his representatives at W'eliington, New Zealand. 

Kichari) CAimiR, elected a Fellow in 1874, died on September 
26th, 1895, aged 78, at Springbank, Harrogate, Yorkshire. 

John Fllor Taylor, I'h.l)., F.L.S. — As an enthusiastic lover of 
Nature, and a popular exponent of geological and botanical sciencai 
Dr. Taylor did much to arouse in others an interest in natural- 
history subjects. The son of the foreman of a cotton factory, he 
was born at Lcvenshulme, Manchester, September 21 si, 18,45, and 
was employed in early years in tho railway-works at Crewe. 
Developing a taste for literature and science, ho read largely, 
cultivated a facile style of writing, and became a contributor to a 
Manchester paper. His leisure hours were devoted to geology, 

^ See Quart. Jourri. Geol. Soc. vol. iv. (1848; pp. 225-241. [The woodoui 
which gave rise to the inisapprebeneion probabljr that on p. 240.] 

See * Notice of the RemaiDs of DifuymU and other Birde, and of Fossils and 
Bock*speciment, recently cf>llected by Mr. Walter Mantell in the Middle laUnd 
of New Zealand. By G. A. Mantell. With Notes by £. Forbes, and Sketch-map 
and Notes by Walter Mantell.* Quart. Joum. Geol. Soc vol vi. (1850) p 619. 
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and in his first work, ‘ Geological Essays * (1864), he gave a sketch 
of the geology of Manchester and its neighbourhood. About the 
year 1862 he settled in Norwich, as sub-editor of the ‘Norwich 
Mercury,’ and stirred up much interest in the geology of the country 
round the old city. He drew attention to the disturbed Chalk at 
Whillinghara, Kwainsthorpo, and other places ; he pointed out the 
differences in ths Mollusca preserved in the two shell-beds in the 
Norwich Crag at Bramerton ; and, in conjunction with the late 
John (iunn, he established the Norwich Geological Society, which 
is now incorporated with the Norfolk Naturalists* Society. Before 
these local societies, and the British Association, the results of his 
geological observations were chiefly brought: and records of his 
work are printed in the earlier volumes of the Geological Magazine. 
In 1866 he published a little introduction to goolog}\ entitled 
* Lithographs,’ and subsefjuently other popular works on natural 
history flowed from his pen. In 1872 he was appointed Curator 
to the Ipswich Museum, a post from which he retired through 
ill-health about two years ago. He contributed a capital ‘ Sketch 
of the Geology of Suffolk * to White’s Historj’ of the county. For 
many years ho was editor of ‘ Science Gossi]) * ; while his science 
lectures af. Ipswich and elsewhere were widely appreciated. Of 
late years he was a strong advocate of the search for coal in East 
Anglia. Dr. J. E, Taylor was present in the Geological Section of the 
British Association at Ipswich in September last, and spoke on the 
subject of the deep boring in search of coal at Stutton. He then 
definitely stated his opinion that, although unfavourable to the anti- 
cipations and hopes of himself and others, the boring had brought 
«up a sample of the Yoredale Shales below the real Coal-measures. 
He died at Ipswich on September 28th, 1895. 

The Rev. Edwabd Duke, M.A., J.P., was elected a Fellow of 
the Geological Society in 1856. He was author of a l>ook entitled 
* Beneath the Surface, or Physical Truths, especially Geological.* 
He died at Lake House, near Salisbury, on Oct. 17th, 1895. 

In Sehor Don Aktorio del Castillo, Director of the National 
School of Engineers, and of the Geological Survey of Mexico, 
America has lost a most able geologist, and the Geological Society 
a distinguished Foreign Correspondent. He was the author of a 
descriptive ‘ Catalogue of the Iron and Stone Meteorites of Mexico * 
(8 tO| Paris, 1885), ‘ The Fossil Fauna of the Sierra de Gatorce, San 
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Luis Potosi’ (see Geol. Mag. 1896, p. 622), the ^ Antropologia 
Mexicana,* ‘ El H ombre del Penon ’ (Mexico, 1886, 8vo), also of 
numerous other memoirs and a largo number of excellent geological 
maps. He died in Mexico city on October 22nd, 1895. He was in 
England at the Meeting of the International Geological Congress 
in 1888, and Commissioner for Mexico at the International Mining 
and Met4Lllurgical Exhibition at the Crystal Palace, Sydenham. 
He was elected a Foreign (Correspondent in 1891, 

Philip Hknuv Lawrknck was born in l.iverpool in 1822, and 
was admitted as a solicitor in 1848. He took an active part 
in forming the Commons Preservation Society, and acted as its 
solicitor until he ceased to jiractiso in that branch of the profession. 
In 1872 Mr. Lawrence was called to the* Par at Lincolirs Inn. He 
had been elected a Fellow of the Geological Society in 18(>(). 

He was the translator of Pernard von Cotta h ‘ LithoIog)%' a 
well-known handbook on rocks. Mr. l.awrence died at 8 lioyol 
Crescent, Brighton, on October 17th, 1895. 

Captain C’iiaulks Tyi.kk, P\L.S., was horn in London in August 
1826, and w'as educated at University Colleger 

He was a man of scientific tastes, an ardent microscopist, and a 
member of many l<^urned societies. He joined the Microscopical 
Society in 1858, was elect'd a Fellow of the Linnc^an Society in 
1862, and of the (ieological Society in 186P. He served for many 
years on the Councils of the Pala[*ontographicnl and the Hay Societies, 
and was for some time a member of the Honourable Coqis of 
Oentb men-at-Arms. 

Capt. Tyler gave valuable assistance to Dr. Bowcr]>ank in the 
examination of exotic sponges, w'hen he was preparing his Monograph 
on the Pritish Spongidu^ for puhlicution. He formed a large colleo- 
tion of fossils, and possessed many microscopes and a valuable 
collection of slides. 

One of the chief interests of his life was his connexion with the 
Orphan Working School, Haverstock Hill, to which he devoted 
himself with characteristic energy and cb)so y»ersonal attention 
during nearly forty years. During his later years he gave much 
attention to the administration of St. Thomas’s Hospital, where he 
served repeated terms of office as Almoner. 

Capt. Charles Tyler, w*ho was in the 70th year of his age, died on 
November 2nd, 1895, after a short illness, which, however, was the 
climax of a long period of failing health. 
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£. A. WtHiCH waa one of the original members of the Glasgow 
Geological Society, which was founded in 1858, and seired the 
office of Vice-President several times from 1858 to 1881, when be 
left Glasgow to reside at Carharrack, Scorrier, Cornwall. There 
he died on November 19th, 1895, aged 73 years. He was elected a 
Fellow of the Geological Society in 1875. 

The most important service which he rendered to geological 
science was his discovery in 1865 of erect trees buried in volcanic 
ash in Arran. These trees W'ere discovered in the I^wer Car- 
boniferous strata of the north-eastern part of Arran, in the sea-cliff, 
about 5 miles north of Corrie, near the village of Laggaii. Here 
strata of vohtunic ash occur, forming a solid rock cemented by 
carbonate of lime and enveloping trunks of trees, determined by 
Mr. liinney to belong to the genera Sigillaria and LepidoeJendron, 
Bir Charles l^yell mentions that he visited the spot in company 
with Mr. Wiinsch in 187U, and saw that the trees with their roots, 
of which about fourteen had been observed, occur at two distinct 
levels in volcanic tuffs, parallel to each other, and inclined at ati 
angle of about 40°, having between them beds of shale and coaly 
matter 7 feet thick. It is evident that the trees were overwhelmed 
by a shower of ashes from some neighbouring volcanic vent, just 
as Pomjieii was buried by matter ejected from Vesuvius.^ 

Mr. Wiinsch writes^: — ‘Trunks of trees 18 to 24 inches in 
diameter, and 2 to 3 feet in height, standing erect upon the 
original beds of thin coal and shale upon which they grew, and 
covered by layers of ash 2 to 3 feet in thickness, arc found 
regularly dispersed over the area : while the ash ovcrl 3 ring them, 
in which they are embedded, oontains numerous branches, from 4 
inches in diameter down to the minutest dimensions, some of the 
impressions displaying an almost feather)^ foliage, as though sud- 
denly covered up before the vegetation had had time to decay, or 
become water worn. The larger branches remain perfectly round, 
and show the pith in an admirable state of preservation ; and the 
cellular tissue, filled up with mineral matter, is plainly visible to 
the naked eye.’ 

His last paper was ‘ On a Logan-stone in the course of forma- 
tion at Bt. Michael’s Mount,’ Trans. Roy. Gool, Soc. Comw. 1895^ 
pp. 605 & 669. 

^ Lyell's ‘ Student's Elements,’ 4tb ed. 1885, pp. 496>497. 

a Geol. Mag. 1865, pp. 474-475 ; iWd. 1867, pp. 551-552. 
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Prof. Dr. Luowio Eotimfter, Foreign Member of the Geolo* 
gical Society of London, waa born at Eiglon in the Commenthal, 
Canton Bern, in 1825. Hia father waa a pariah olergyman 
and afterwards Superintendent of the Orphanage at Bonn. Lud- 
wig waa educated in the High School and Gymnasium of that 
town, and in 1842 went to the University of Bern, where 
ho studied theology, with the intention of following his father's 
profession. Having developed a taste for comparative anatomy, no 
doubt partly through the iuHueuee of bis friend Peter Merian, the 
Basel palffiontologiat, he forsook hia theological atudiea, and took up 
medicine. Afterwards he visited many of the chief European 
cities, and in Paris in 185(^ he became acquainted with Elio do 
Beaumont. In 1852 ho came to Loudon, w'hioh he again visited 
in 1877. In 1854 he took up academical touching in the Born 
University, but in the following year he accepted the newly- 
established Chair of Zoology and Comparative Anatomy at Biiael, 
which he hold till his death. 

On the occasion of his second visit to London ho spent some weeks 
in a critical examination of the fossil BovhUr from ( he Older Pliocene 
of the Siwttlik Hills, India, part of the Falconer and Cautley Col- 
lection, preserved in the British Museum. 

His first work, * Vom Meero his nach den Alpen,' was published 
on his return from his travels in 1854 ; after this lie issued a long 
series of memoirs, characterized by the grt^at accuracy and detail of 
their observations, and the wide philosophical grasp and fur-rcachiug 
deductions made from them. 

•Some of the more important of these memoirs are : — ‘ Untor- 
suchungen der 'J'hicrreste aus den Pfahlhauten in dor Schweiz,' 
1800, in which he gives an account of the earlier races of somo of 
the domestic animals, and shows that while in the Lake^dwcUings 
of the Stone Age the remains of wild animals predominate (proving 
that the inhabitants lived mainly by the chase), iu the later settle- 
ments, made after the use of metals was discovered, the inhabitants 
relied chiefly on various domesticated animals for food. 

Another important paper is * Beitruge zur Kentniss dor fossilen 
Pferde und zu einer vorgleichenden Odontographie der Hufthiere 
im Allgemeinen,' 180B ; this may be regarded as laying the 
foundation of that detailed comparative morphology of the teeth, in 
which the homologies of the several cusps are considered, and from 
which the American paleontologists have been able to draw very 
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important conclusions as to the phylogeny of many gronpa of 
mammals. 

In a paper entitled ‘Ueber die Herkunft unserer Thierwelt: 
oine zoogeographiHche Bkizze,’ 1867, Riitimeyer gives a masterly 
account of the distribution of the mammalia, showing the relations 
of the foHsil faunas to one another and to recent forms. It is a 
testimony to his sagacity that the great additions to our knowledge 
of this subject have confirmed most of his conclusions, and have 
rendered very few untenable. 

Ho was elected a Foreign Correspondent of the Geological Society 
of Ixindon in 1877, and a Foreign Member in 1882. 

Up to the time of his death Prof. Rutimeyer maintained a lively 
interest in all scientific researches, and carried on his correspondence 
to the last. lie died at Basel on November 26 ih, 1805. 

The Ven. Archdeacon Robekt W. Beow^e, M.A., Prebondary of 
St. Paul’s, was elected a Fellow of the Society in 1 and died at 
Wells on December 12th, 1895, in his 87th year. 

The Rev. Ldstkk Lkstkh, who was elected a Follow of the 
Geological Society in 1856, died on December 20th, 1H95, at his 
residence, Langton Maltravers Rectory, Wareham, Dorset. 

H uoii Millkh, F.R.S.E., vas bom on July loth, 1850. He 
received his scientific education at the Royal School of Mines, being 
nominated thereto by 8ir Roderick Murchison. Bearing the same 
name as his distinguished father, tho author of ‘ The Testimony of 
the Rocks,’ * The Old Red Sandstone,’ etc., Mr. Hugh Miller in- 
herited with the name a taste for geological pursuits. He joined 
the Geological Survey in 1874, and was elected a Fellow of the Geo- 
logical Society in the same year. Labouring at first among the 
Carboniferous Rocks and Glacial Drifts of Northumberland, he wa» 
Bubso(|uently transferred to the Geological Survey of Scotland, and 
worked at the Old Red Sandstone around Cromarty, rendered 
classic by the researches of his father. Later on he mapped 
portions of the Ancient Schists, Old Red Sandstone, and Drifts of 
Eastern Sutherland. Mr. Hugh Miller was taken iR at Lairg in 
December last, and died at his Edinburgh residence on January 8th, 
1896, in his 46th year. 

He was author of the picturesquely-written book entitled * Land- 
scape Geology/ and of papers on River Action and Glacial Phe- 
nomena. Amoug the more important of these papers the following 
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may be mentioned: — 'Tynedale Escarpments: their pre-Glacial, 
Glacial, and post-Glacial Features,' 1880; ‘River-Terracing: its 
Methods and their Results,* 1884; and ‘On Boulder-Glaciation,’ 
1884. 

All who enjoyed Mr. Miller *8 friendship will feel that they have 
lost a kind-hearted, though keenly sensitive, friend. Strongly 
imbued with a love of iSature and natural phenomena, he at the 
same time kept himself in t^uch with the intellectual life of our 
time. He leaves a widow and a son, fifteen years of age, who 
is being educated at Fettes College. 

JosBPK Wa^lteb Taylkk was elected a Fellow of the Geological 
Society in 1850. Ho was the son of the late Admiral Tayler, R.N., 
and made several expeditions to (ireenland with the object of 
exploring the cast coast and opening up again the old Danish 
settlements said to have formerly existed along its shores, but now 
completely blocktHl by the ice-pack. Ho wjis the discoverer of 
cryolite at Evigtok, Greenland (sec Quart. Journ. Geol. 800 . 
voL XV. l85b, p. 140), and gave an account of veins of tin-ore 
at Evigtok (op. cit, p. 600). Ho was an enthusiastic Arctic ex- 
plorer, and gave to the Royal Geographic; J Society some interesting 
observations on the Greenland glaciers, which he had carefully 
studied. 

Frank Jounston, F.C.S., was by profession an Assayor at the 
Rio Tinto Company’s Mines. He was elected a Follow of this 
Society in 1884, and died at Tharsis, Huelva, Spain, in January 
1895. 

John Eviltn Williams, M.lnst.C.K., was born on January 
6 th, 1845, and entered the drawing office of the Mersey Dock 
Estate, Liverpool, at the age of 14 ; there he remained for six 
years. He was afterwards engaged on dock- and harbour-works at 
Bristol, Hull, and Whitehaven. In 1877 he became Surveyor to 
the Witham Drainage Commissioners, and was actively engaged in 
the improvement of the drainage and harbours of one of the most 
important tracts of the Fenland until about a year before his death, 
hating retired from that service in 1895. Mr. Williams was 
elected a Fellow of the Geological Society of London in 1880 . 
Several important memoirs upon the work carried out by him have 
appeared in the Minutes of Proceedings of the Institute of Civil 
Sngiiieers. 
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W. Stkkt Milkes was elected a Fellow in 1886. He died at 
Yeolmbridfre, Launceston, Cornwall, in 1895. 

G. W. Cline, LL.T)., was elected a Fellow in 1865. He resided 
at Allahabad, India, where he died. 

Edward John Chance, F.L.8., was elected a Fellow in 1837. 
He died at 14 Russell Square, W.C., in 1895. 

Mr. Francis Everard Brown, Assist an f^Clerk to the Geological 
Society, died suddenly from gastric ulcer on August 4th, 1895. 

The Society loses in him an official whose unvarying patience, 
tact, and good-humour had made him deservedly popular among 
the p'ellowB, and whose scrupulous performance of his duties had 
earned him the respect and esteem of his official superiors. 

Ho entered the Society’s office in 18sr>, and had nearly completed 
ten years’ sendee when liis career of usefulness was brought to a 
close. 

Always delicate in health oven when a child, he was unable to 
indulge in those atidelic sports wdth his schoolfellows which form 
the delight of most boys ; and he was thus led early in life to 
take up the study of Natural History, and to moke observations 
on animals and flow’crs. Tliis developed in him later on a taste for 
scientific reuding. 

He collected autographs, took great interest in all matters con- 
nected with the fine arts, and had commenced to study and collect 
minerals and fossils. 

Mr. Brown entered Messrs. Fulcher and Robinson’s office when 
only 15 years of age, and afterwards was with Mr. Sims, a stock- 
broker, before he obtained his appointment at Burlington House. 
Here he speedily won the confidence of the Treasurer and Secre- 
taries by his willingness and constant readiness and attention ; 
whilst his uniform politeness to the Fellows and visitors speedily 
engendered a very kind and friendly feeling towards himself, which 
he retained to the end. He died at the age of 37 years. 



'Vol. 52 ,] ANNITEBSJLRY IBDRSSS OF THK PRBSIDEKT, Ixxxiu 

Bi the law of periodicity, which, happily, has a constant biennial 
limit, in this Society, I am about to vacate the Presidential Chair, 
in which you did me the honour to place me in 1894 : but before 
doing so, and whilst I may yet claim the privilege of a few 
remaining sand-grains in Times hour-glass, lot mo briefly draw 
attention to a few tojucs of general interest connected with our 
science, and in conclusion submit my second chapter on Cnistacoan 
life-history in later geological times for your acceptance. 

As regards Home affairs wc have just cause for satisfaction with 
our present financial jxjsition as a Society. Our income has not 
diminished, and we have a very respectabh* balance in hand, more 
than suflicient for our ordinary expenditure, and probably nearly 
suflicicut to meet such extraordinary expenses as the installation 
of the electric light and the jmrtial re-dccorat ion of the Society's 
House. 

It is satisfactory to find that the slight increase in our composition- 
fee for admission to the Society (decided upon in June 18JM) has 
not acted as a deterrent to intending eompounders, hut that wo 
have actually had more compounders during this last }(*ar than 
previously. 

The comj)letion of the 51 » years’ index has been somewhat retarded 
by the death of our valued and esteemed Assistant-Olcrk, Mr, 
Francis K. Brown, which placed, for the time being, a heavy load of 
additional business rcsjionsihility on our Assistant-Secretary, who 
was happily e(jual to the omergency, and the Soci(‘ty sulfercd no 
serious inconvenience from the temporary vacancy in the staff. 

The first number of Mfcological Literature added to the Geological 
Society’s Librar} ,’ during the half-year ended December 18li<l (8vo, 
pp. 58), was issued on the Ist May, 18115. On February Ist, 1890, 
a similar work was issued, covering the year 1S95. It extends to 
158 pp. (8to), and will certainly prove extremely valuable to all 
workers in our science, particularly to P’ellows in the country, 
desirous of knowing what our library contains of the lat/ost geological 
interest. 

The fifty-first volume of the Society’s Journal, for 1895, compares 
favourably in every way with its predecessor. 

Mr. E. T. Newton, F.U.S., announces the discovery of human 
remains from Palaeolithic gravels at Galley Hill, Kent — which, if 
(in point of contemporaneous age) still involved in doubt, are yet 
of extreme interest to the student of Quaternary geology. Dr. G. J. 
Hinde and Mr. Howard Fox gfive a most interesting account of 
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the discorei^ of Radiolaria in the chert of the Culm-beds of 
Devon, Cornwall, and West Somerset ; and Messrs. W. Hill and 
A. J. Jukee-Browne describe the occurrence of Kadiolaria in the 
Chalk* 

Mr. S. S. Buckman, in his paper on the Bajocian of the Mid- 
Cotswolds, records the results of a vast amount of detailed strati- 
graphical and p<'ilmontological work based upon the Ammonite and 
Brachiopod faunjis of this area. Dr. J. W. Gregory treats of the 
Palteoutology and Physical Geology of the West Indies. There are 
throe papers on Madagascar; (1) by the llev. li. Baron on the 
Geology of the Northern part of that island ; (2) by Mr. R. Bullen 
Newton on the Fossil Mollusca ; and (3) by Mr. R. Lydekkcr on 
a SauropodouH Dinosaur from the same region. 

Prof. Amalizky contributes a paper on the Permian Freshwater 
LameUibranchiata from Russia and South Africa ; Mr. H. M. Bernard 
one on the Systt^matic Position of the Trilobitos ; and Miss J. Donald 
treats of British Carboniferous Species of Murchisoiiia, 

1 refer to these papers in order to express the hope that they 
may bo taken to indicate (like the periodic variations in climatic 
conditions ) a recent tendency in students of geology to turn towards 
palroontology, and not to entirely ignore her in favour of her 
sister petrology. 

Thirty-four other jjapers deal with dynamical, petrological, physio- 
graphical, and stratigrnphical geology, in all quarters of the globe, 
and demonstrate the earnest and active interest which the Follows 
of the Society take in tiie ]>romotion of our science. 

The Geological Survey of the United Kingdom. 

In the early days of the Geological Survey my predecessors made 
a point of commenting on the annual progress made by that 
Institution, and remembering that some of the early fathers of the 
Society bad a share in the establishment of the Survey, we may 
naturally feel a parental interest in its welfare. 

Some years have now elapsed since any special Presidential 
remarks were made on the subject ; a brief reference by Prof. Judd, 
a former member of the staff, appears in his address to this Society 
in 18S7» but the latest general account of progress was given so 
long ago as 1868, by Sir Warington Smyth, who, likewise an old 
member of the Survey, had in former years mapped some areas, 
and had in particular traced the course of many metalliferous veina 
in his capacity of Mining Geologist. 
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To note the special scientific results obtained by the Geological 
Survey has, however, during the past few years, been rendered 
unnecessary by the publication of the more detailed Reports of the 
Director GenoraL It is the more desirable to draw attention to 
this fact, for the reports themselves, unless obtained in the form of 
reprints, are apt to lie buried in the more bulky General Report 
of the Science and Art Department. That Report must now be 
added to our record of Geologic^ Literature, for in the elaborate 
statement of Sir Archibald Geikie we find many a now and inter- 
esting fact for the first lime recorded, whether it relate to England 
or Wales, the Isle of Man, Scotland, or Ireland. 

In parts of all these regions the Survey is actively engaged. The 
mapping of the Drift deposits in the Midland and Southern counties 
has t>een accompanied by importiut revisions of the more solid 
geology, and the results of the work nr(‘ to bo seen in the issue of 
sheets of the Now Series of Ordnance Majw, geologically coloured, 
of parts of Sussex, the Isle of Wight, Hampshire, and Devon. 
The re-survey of the great coalfield of South Wales has already borne 
fruit in the shape of one new map and a sheet of vortical sections. 

The progress of the 4-mile-to-l-inch map of England and 
Wales is of os|)Ccial interest to us, as eventually it will replace our 
Greenough map, which was based on the original map of William 
Smith. Of the Survey map, which comprises thirteen shoots, seven 
are now published, five, we arc informed, are being engraved, and 
one (the Isle of Man) will erelong bo completed. A most im|)ortant 
change has this year boon introduced by the Director-General, that 
is, the issue of one of the sheets (that of the Ix>ndon Busin and 
great part of the Wealden area) juinted in colours. Thereby the 
price has been reduced from 10s. Oc/., that of the hand-coloured 
issue, to 2s. 6(/. — a boon indeed to the geologist, and a course well 
calculated to ensure the wide circulation of tho map. 

Another departun? made by the Director-General has botm tho 
preparation of Stratigraphical Memoirs, and of those one volume on 
the Pliocene De[>osits, and five on the Jurassic Rocks have now 
been issued. In them our present knowledge from all sources is 
summarized, so that they may furnish stopping-stonos to further 
progress. 

In Bcotland interest of late years has been centred in the 
resolute attacks made by the Survey on the problems connected 
with the Scottish Highlands. Following in the wake of Murchison, 
Kicol, and Lapwortb, the officers in the field, headed by their 

VOL. LU. <7 
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Director-General, have grappled with the difficulties and by dint 
of detailed work on the 6-inch scale have brought order into the 
structure of these complicated regions. Moreover they have demon- 
strated that in many respects the interpretation of Nicol, and the 
key furnished by the hard work of Lapworth, have been most 
successful in unlocking the secret of the Highlands. The maps 
which picture the results of the Survey work are probably the 
most elaborate that have ever been issued. 

Elsewhere the Survey has been carried on among certain of the 
WesU;m Islands in Skye, Raasay, and Eona, in Canna and Islay, 
and farther south in Arran. 

In Ireland important revisions have been made in the older work, 
especially among the Palteozoic, the Metamorphic, and the Igneous 
rocks. The results may be studied in that excellent guide to the 
Survey Collections in the Dublin Museum which has lately been 
issued. 

In noticing thus briefly the work of the Survey, I cannot avoid 
remarking on the notable accession made to the staff during the 
])a8t eight years, of Teall, Lamplugh, Watts, Sollas, Gibson, and 
lastly of Harker. 

Among these additions it will bo noticed that a very strong 
l*e1rological element has been introduced into the Geological 
Survey — needful, however, in solving the problems connected with 
the ancient schists and other metamorphic rocks, and in eluci- 
dating the structure of our various igneous rock-areas. 

Nor has Palfoontology been neglected, in testimony of which we 
need only mention the papers by Mr. Poach in our own Quarterly 
Journal on the OleneUus of Scotland, and the new and 
strange forms of Reptilia lately described by Mr. E. T. Newton 
from the Elgin Sandstone — forms which are of world-wide interest. 

The acquisition of scientific facts is, however, by no means the 
sole or main object of the Geological Survey. In the re-survey of 
our coal-fields the practical element is foremost, while in the London 
office all information that can be given is freely at the service of 
those interested in the industrial applications of geology. 

By the death of Huxley the Palacontographical Society loses 
its President, an office which he had held since the death of Prof. 
Owen, its former President, in 1892 . 

But no change of Presidents can mar the useful and perennial 
flow of volumes issued by this evergreen Society, which has jost 
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reached its Jubilee, and, like all successful and united people, it 
ought to celebrate the publication of its 50th rolume in some suitable 
manner. 

The 40 volumes already published ore tho joint labours of 46 
authors, about 12 of whom have, however, achieved the greater 
ahare of tho work produced. Prominent among these staiid such 
names as Si*arlo8 V. Wood, iliehard Owen, Thomas Davidson, 
Edwards and Haime, F. F*. Edwards, T. Rupert Jones, T. Wright, 
P. M. Duncan, H. A. Nicholson, G. J. Hinde, G. F. Whidborne, 
8alter, and others. 

Very much of the success which has att-endod the Society must 
be attributed to the constant care and untiring energy of its 
Honoraiy Secretary, the Rev. Prof. T. WilUhire, who has con- 
tinually watched over th(‘ work and managed all the hiisineas 
details of the Society since he took over the duties from the first 
Secrctarj, Dr. Rowerhank, tliirty years ago. 

I feel that I should ho wanting in gratitude to my many geo- 
logical friends and 8up{>or(er8, did T omit, on this occasion, to thank 
them most heartily for the aid that tliev have always afforded mo 
in cariy’ing on the Geological Magjvzino for tho jmst .*i2 years. 

It is no easy task to arrange and get printod off' 48 pages of 
matter on one special branch of science, and issue it regularly, with 
illustrations, for RSO consecutive montlis — hut like other literary 
enterprises and institutions, ‘ supported by voluntary contributions,’ 
we might well inscribe on the cover of the Magardno as our motto 
Dominus yrovidehit ; for, C(^rtainly, we have been singularly for- 
tunate in our friends and supfmrters, amongst whom, in tho past, 
as in this latter-day revival, we ought especially to remember 
tho names of Prof. T. G. Bonney, Mr, W. H. Hudh^ston, and 
Dr. G. J. Hinde. 

Through tho death of Prof. Huxley, tlio Royal College of Bcicnce 
was deprived of its Dean and a Professor who had been connected 
with its teaching body for 41 years. 

The office of Dean has since been conferred upon Prof. John W. 
Judd, C.B., LL.D., F.K.K., who succeeded Prof. Sir A. C. liamsay 
in the chair of Geology in the then ‘Royal School of Minos’ in 1877, 
which was transfigured into the ‘ Royal College of Science ’ in 
1881. Prof. Judd is a past President and Secretary of this Society, 
iind we trust that he may long retain his deanery, to the advanoe- 
jnent of the various sciences committed to his charge. 

9 ^ 
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Sir Joseph Prestwich, D.C.L. (Oxon.), F.R.S., now in his 84ih 
year, received the honour of knighthood from Her Majesty on Hew 
Year’s Day. While wc all heartily rejoice with and congratulate 
him and Lady Prestwich on the honour conferred, we cannot 
help feeling that the eminence to which he had long ago attained 
by his scientific labours far transcends such tardy recognition 
of his great and lasting services to geological science. 

A rumour had reached me that our distinguished Foreign 
Member, Prof, James Hall, of Albany, who was elected on our 
Foreign list in 1848, and was Wollaston Medallist in 1858, had 
retired from his office of State Geologist of New York. I find this 
is not the case, the only change being that he has relinquished the 
post of Director of the Albany Museum since 1893, but he still 
holds the office of State Geologist. Thirteen imperial quarto 
volumes on * the Palmontology of the Stat;(? of New York ’ have 
been issued by Prof. James Hall, and, at the age of eighty-five 
years, he is still full of life and intellectual activity and engaged on 
a monograph on Fossil Sponges, the MS. of which is now nearly 
completed, with 30 quarto plates already drawn and litho- 
graphed. 

Wo cannot but express our admiration for the marvellous energy 
and determination to carry on his work to the end, displayed by 
the illustrious Professor. In this country science has a more 
enervating and exhausting effect on Civil Servants, and they are 
deemed past work at sixty-five ! Wherefore we are disposed to 
envy the happy lot of our old and valued friend. 

Sir J. William Dawson, C.M.G., F.R.S., whose name will 
be always identified in this Society with his discoveries of air- 
breathing reptiles, land-snails, and myriopods, in erect, but hollow, 
tranks of trees, of Carboniferous age in the South Joggins Coal- 
field (Nova Scotia), and with his papers on Eozoon and ‘ Acadian 
Geolog}’,’ etc., held the office of Principal of McGill College, 
Montreal, since 1855, but has now retired into private life after a 
long and brilliant career. Sir William is still in full activity, and 
purposes to be at the Liverpool Meeting of the British Association 
this year. He received the award of the Lyell Medal in 1881. 
Sir William Dawson's Chair of Geology and Paleontology has 
been given to Prof. Frank Dawson Adams, MJL.Sc., Ph.D., F.G.S., 
a very able and promising geologist. 

Another change has occurred in Canada by the returement from 
office of our esteemed Fellow, Dr. Alfred R. C. Selwyn, C.M.G., 
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F.R.S., from the post of Director of the Geological Survey of Canada; 
he had succeeded Sir W. Logan in 1869. He joined the English 
Survey in 1845, went out as Director of the Geological Survey 
of Victoria, Australia, in 1853, and was there through all the ex* 
citement of the opening up of the gold-fields of that colony. In 
1869, he transferred his services to Canada, where he held office 
until 1894. Counting homo and colonial service, Dr. Selwyn has 
been 49 years on active duty, and has served as Commissioner to 
three International Exhibitions. He received the Murchison 
Medal in 1876. 

Dr. Selwyn has boon succeeded as Director by Dr. George M. 
Dawson, C.M.G., F.11.S., F.G.S., eldest son of Sir William Dawson, 
who was on the North American Boutidary Commission in 1873, 
nnd joined the Geological Survey in 1875, He has already 
served on several lioyal Commissions, the last l»eing that on the 
Behring Sea Fisheries; hiis made numerous communications to this 
Society, and was the recipient of the Bigsby Medal in 1891. 

Dr. G. M. Dawson is one of the few individuals (of whom Sir 
Charles Lyell in 1864 was another instance) who may have read his 
•own obituary, for his death was announced on November 1 2th, 
1895, but was speedily contradicted by Sir Charles Tapper, High 
Commissioner for Canada, who cabled out at once and found 
that an error in the spelling of the name had changed Lawson into 
Z>aw8on. 

In our Indian Empire Dr. William King, B.A., who joined 
the Geological Survey in March 1857, and succeeded Mr. Med- 
licott as Director in 18S7, n^tired from office on July 16th, 
1894. During the 37 years of Dr. King's connexion with the 
Survey ho published thirty-five papers, dealing mostly with the 
geology of the southern and central parts of India. Ho was suc- 
ceeded on July 17th, 1894, by Mr. Carl L. Griesbach, C.I.E., F.G.S., 
who joined the Survey in Sept. 1878. Mr. Griesbach is the author 
of 26 papers on geolog)', from 1868 to 1893. Ho was employed 
on the Afghan Boundary Commission, from November 1884 to 
October 1886, and as Geologist to His Highness the Amir of 
Kabul, from January 1888 till July 1889. He has contributed 
some important work on the geology^ of the Himalayas, and received 
the gold medal from the Emperor of Austria in recognition of 
his services rendered in connexion with the scientific expedition 
in 1892 to the central regions of the Himalayas. 

Another of our Fellows, Prof. John Milne, F.R.S., after spending 
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20 years at the Imperial College of EDgineering, Tokio, Japan, and 
devoting his time and income to the investigation of earthquake- 
phenomena in that centre of remarkable disturbance, has now 
returned borne from Japan and has established a station for seis- 
mological observations in the Isle of Wight. 

Some of bis latest researches on the propagation of earthquakes 
to great distances have led him to most interesting conclusions. 

In the case of the Argentine earthquake of 1894 Milne was 
successful in showing that a large disturbance might be recorded 
at the antipodes of its origin. The pronounced movements of an 
earthquake travel over paths around an ei)icentre at a rate of 
2 or 3 kilometres per second, and they are transmitted, at the 
same rate, to places distant more than a quarter of the earth’s 
circumference. Preceding these pronounced movements which 
apparent!}^ radiate as quasi-clastic gravitational waves, minute 
tremors arc observable, which, in travelling from Japan to Europe, 
apparently outrun the main disturbance by half-an-hour. The 
velocities at which these are propagated have been estimated as 
vary ing between 8 and 20 kilometres per second. 

Assuming these determinations to bo approximately correct, it 
is difficult to escape the conclusion that the motion, instead of 
having been transmitted through the crust of the earth, has been 
transmitted through its interior. Prof. Milne writes ; — * When a 
number of properly-equipped observing- stations have boon esta- 
blished around our globe, it seems likely that we shall be in a 
position to state definitely the velocity with which motion travels 
along paths at varying depths in the earth s interior. From the 
little already accomplished, it appears that, if our globe is capable 
of transmitting motion two or three times more quickly than steel, 
it has an eftbetive rigidity very much higher than has hitherto been 
supposed.’ 

Thanks to these researches and experiments, carried out in 
cooperation with the late E. von Ilebeur-Pasehwitz and other 
observers in Europe, we may hope, possibly within a few years, to 
have a definite solution of what has heretofore been to geologists 
truly a terra incognita — the nature of the structure of the interior 
of the earth. 

On bis retirement in 1895, Prof. Milne received from the Emperor 
the well-merited decoration of tho Kising Sun, in recognition of the 
valuable scientific work performed by him during his long residence 
in Japan. 
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Ltpe-history op the Crustacea in Later Paubozoio 
AND IN Neozoic Times. 

In my Address, in February last year, I endeavoured to set 
before you as bricHy as possible, an epitome of the more interesting 
points in the earlier chapters of the life-history of the Crustacea — 
a Class so ancient as to entitle it to take precedence over the whole 
of the Vertebrata, and probably over half the luvertobrata also, in 
the geological record. 

From Lower Cambrian times to Carboniferous wo showed that 
the Crustacea were mainly represented by the great and numerous 
order of the Trilobites, while bivalved Ostracods, huge Pod-shrimps 
(Phyllocarida) and giant Merostomata, such us Eun/pfertin and 
Fterffffotuji, with a few small King-crabs, till up the picture of 
marine crustacean life. 

To whatever ])art of the world we direct our ga/o over the P*ilffio- 
zoic sons, th(^ same group of organisms is more or loss abundantly 
represented ; — indeed it may be said that, until wo reach the Up]>or 
Silurian, the TrilobitCH almost entirely occupy the priimrval waters 
to the exclusion of other crustiicean life. Hut from this stage up- 
wards the Trilohit<?s are more restricted, while the large Hod-shrimps, 
CeratiocarUy appear in numbers, together witli the gigantic? 
gotu^yi\\Q latter attaining its maximum in the Old Rod of Scotland. 

Some 8 or H genera of Trilobites still continue on in the Devo- 
nian and the ( arboniforous Limestone, in tlie latter formation 
reduced to about four genera, after which they disappear entirely. 

Whether the Trilolntes continued to live on in sorno of thoso 
marine areas which probably existed adjacent to the larger fresh- 
water and estuarine oiuis, amidst which the great suhaorial growths 
of the Coul-peri(Kl were being accumulated, we do not ccirtainly 
know, but in the succeeding Permian epoch they have left no 
evidence behind. 

As we scan the n^cord of these old Carboniferous rocks, so rich in 
organic remains, we seem to stand on some lofty beacon-hill, whence 
we can cast our glance upwards and downwards along the stream 
of time. Ilencath our feet lie buried thci last representativo* of 
those aboriginal races now quite extinct, the Trilobita and the 
Eurypterida, whose ancient hosts jKjopled the seas of Devonian and 
Silurian ages and some of whoso predecessors reached far away 
to the Lower Cambrian epoch. Beside them lie the earliest repre- 
sentatives known of our modern Decapoda, Btomatopoda, and Isopoda, 
then but a few and feeble folk, bat now the dominant races of the 
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Crnstaoean class* Is this then the g^eat barrier~reef between the 
Palasozoic and Neozoic life-periods ? Do we indeed find here the 
beginning of all modern forms of Crustacea and the ending of all 
ancient ones ? — By no means ; nor is there any period in the whole 
geological record at which a hard-and-fast line can be drawn 
diriding the eiirlier from the later members of any group. 

Certain tribes, such as the Entomostraca, arc represontod through- 
out. Others, like the Amphipoda, may perhaps extend into Silurian 
times, — whilst Isopods and Decapods arc probably represented as 
far back as in Devonian strata. 

The Crustacea, in fact, bear testimony to the same general bio- 
logical law which holds good in so many other classes of organisms, 
namely, that before one order dies out and disappears, other and 
successive groups have already made their appearance : the one 
overlapping the other in time. 

There are, indeed, no sharp divisions in living Nature, but 
rather a subtle interblcnding of groups which, like the prismatic 
colours in the rainbow, shade ofl’ imperceptibly the one into the 
other. 

Malacostraca. — Throughout the sub-class Malacostp.aca, to which 
so large a proj)ortion of the Mesozoic, Cainozoic, and Recent forms of 
Crustacea belong, the number of segments present is generally very 
persistent for the three divisions of the body (head 6, thorax 8, and 
abdomen 7=21). They full naturally into two groups, ( 1 ) the Kdrio- 
phtualma, in which the eyes are sessile, and { 2 ) the PoDocirmALMA, 
in which they are pedunculated. 

Amphipoda. — In the Amphipoda belonging to the first of these 
divisions, witli sessilo eyes, the body is pretty constantly and 
regularly developed, the small cephalothoracic head-shield only 
oovors its own series of seven paired aj»i>endages, while the thorax 
and abdomen have usually each their proper and normal series of 
seven free somites, with a corresponding j»air of limbs attached to 
each segment. 

Most of the members of this order are of small size, with a 
laterally compressed body ; but their numbers are almost incredible, 
and they are most widely distributed not only in freshwater lakes 
and rivers, springs and subterranean watercourses, but they are 
found living along the shores of almost ever}- land in the open air ‘ 
and also between high and low tides. 

' Some species of Orchestia are known (as 0 . toMUitnsis, 0. teiluris^ O. tyhi* 
cola) which live far removed from the sea and at elevatious of 1000 feet 
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Id 1870 1 describod what 1 believe to be a portion of a fossil 
Ainpbipod from the Lower Ludlow Hocks of Leintwardine, Shrop- 
shire, under the name of Xecrogammarus Salwe^ ; it is not quite 
certain whether OampBonyx fimhriatus^ Jordan, from the Coal- 
Measures of Hhenish Prussia, is correctly assigned to this division, 
but I am inclined to retain it here, however, as its most natural 
position. Mr. Spence Bale has named and descril>ed a species of 
Amphipod as ProsojXiniscus problematicus^ from the Magnesian 
Limestone of Durham. 

Other fossil forms occur in the Tertiary rocks and are mostly 
referable to existing genera such as (/ammarus^ O, aeningeasitf 
from the Miocene of (Eningen ; and Paltrvyammanis aamldemU^ from 
the Baltic amber deposits, etc. 

IsoPoDA. — This division of the Malacostraca is marked by the 
persistence of the seven pairs of ambulatory thoracic limbs, which 
never bear the gills attached to their bases as in the Amphqwda, 
but the appendages of the abdomen take on this fn notion, being 
specially modified into leaf-like branchial organs and do not take 
part in locomotion, save in the swimming forms. The members 
of the group are for the most part of small size. Many of the living 
Iso}>od8 are attached to fi.s)ie8 and crustacca, and one parasitic fossil 
form is known {B(tjn/rug). 

Numerically, the order is large and very widely distributed geo- 
graphically, consisting of walking, running, and swimming forms ; 
and lastly of sedentary parasitic forms— of t hose it is the female only 
w'hich remains fixed, the male being often peripatetic in his habits, 
passing from female to female. Many Isopods — c. r/. the Onisciduc 
— live habitually on land, breathing air, which it is necessary should 
be fairly moist ; hence they usually frequent damp situations, 
under decaying wood and leaves, and beneath stones. The Sphaero- 
mid» frequent rocky shores, and run and swim with considerable 
agility. Many forms of Isopoda are strictly marine, some occurring 
at great depths (over 2000 fathoms). Some few Isopods have been 
met with of larger size than the average members of the group. 
One, dredged by Prof. Alexander Agassiz, during the cruises of the 
* Blake,’ from a depth of 055 fathoms on the north-east of the bank 
of Yucatan, and north of the Tortugas, named Bathynomn$ gigant€u$ 
by Alph. Milne- Edwards, measures 9 inches in length by 4 in 
breadth, and far exceeds any other living species in size. Not- 
withstanding the vast depth from which BathynomuB was obtained, 
the eyes are well developed, but instead of being placed upon the 
upper surface of the head as in all known wandering Oymothoidm, 
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they are placed below the frontal border of the head, at the base of 
the antennsB. 

I formerly entertained a very strong conviction that it would be 
possible to show the derivation of the Isopoda by direct descent 
from the TriJobita ; but the former have so very constant and 
definite a number of 21 body-segments — as indeed is the case in the 
Malacostraca geiieraDy — (namely, 7 somites in the head, 7 in the 
thorax, and 7 in the abdomen), whereas in the Trilobita (as is the 
case W'ith the Entomostraca generally) the number varies greatly, 
from 4 or o up to 28 somites in the body, that 1 feel 1 must recant 
and give up this heresy at once, lest 1 should be excommunicated 
by some later Carcinologist, and my effigy and j»apers burnt, if not 
my person. 

It is probable that the Isopoda date back to the Devonian, for I 
have, in 1870, described, under the name of Praarctants gigas^ a 
form which appears to be a jiortion of a huge Isopod from the Old 
lied of llowlestone, Herefordshire. 

Portions of similar large Arthropods, which have been named 
Arthroplenra feroa.\ by Salter, and A, armaia, by Jordan, have been 
obtained from the Coal Measures of Manchester, of Fifeshire, of 
lladstoek, SonicTsct, and from Suarlniicken, Khenish Prussia, so that 
we may justly hop(* soon to obtain a fuller knowhjdge of the true 
characters of this remarkable animal. 

The anomalous form, known as llostrichopu^ anivpim (Goldfuss) 
from the Devonian of IS'assau, may perhaps be placed here, as 
possibly related to the Muiinopsida\ 

Several 8j>ccies of PaUfocaris {P, scoticus^ P. Burmttil^ and P, tg- 
pits) have been described from the Coal Measures of Manchester, of 
Scotland, of llohemia, and of Grundy County, Illinois, U.S.A. ; from 
this last-named locality another genus, Acanthotelson 
closely resembling Palcrocaris, has also been obtained by Messrs. 
Meok and Wortben. These larva-like forms were relegated, by the 
late Prof, J. D. Dana, to a group holding an intermediate position 
between the typical Isopoda and the Amphipoda, for which ho pro- 
posed the name ‘ Anisopoda.’ 

Jaopodiics irldsictif, Pieard, from the Muschelkalk of Thuringia, 
is somewhat doubtful. An undoubted SpharontaAike Isopod, from 
the Great Oolite of Northampton, has been described by me under 
the name of CgclosphcBronut trilobatum^ in ISUU. 

The Lithographic Stone of Solenhofen, Bavaria, has yielded two 
genera of Isopodous Crustacea, described in 1830 by Count Munster, 
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and named Urda and Reclcur, A third Solonhofon form has been 
more lately described by von Ammon as JEyiUt Kunihii. 

The well-known and abundant ArcJiwmiscus Brodki, of West- 
wood, described in 1845, from the Purbeck of the Vale of Wardour, 
Wiltshire, closely resembles existing members of the family OniscidsD, 
to which it probably belongs. Mr. Westwood added another speciesy 
ArcJuronisciis Edwardsi^ from the Lower Purbook of Durdleatone 
Bay, Dorset, in 1854. 

We owe to Prof. Hell the discover}' of the parasitic Isopod, 
Bopyrusy beneath the carapace of PalaococystcB^ from the Cambridge 
Greensand, in 18(»2. The females of similar forms infest the cara- 
paces of the common Prawn around our coasts at the pn'sont day. 

Paltrya Maccoifi, Carter, is from tlie IJppt r Greensand of Cam- 
bridge, and J*tthrya Vttrteri^ 11. Woodw., from the Grey Chalk of 
Dover. Vyrnatoya Jazikowi^ Eichwald, from the Chalk of the 
Volga, completes the series of (Jretaceous Isoj)od8. Nearly allied to 
Palmja Carieri is l\ scrobicidola from the Lower Oligocono of 
Haring, Tyrol. 

The Eocene of the Paris Basin and the Ish^ of Wight has yielded 
four species of the genus Kosphoroma * ; Sphtprouot Cat allot is 
from the liloccne of Italy ; and one occurs in the Miocene of Bonn. 
Hismonda, in 184(», recorded and figured a Spherronnt (=si Puhpya) 
Gastaldi from the Miocene of 'rurin ; and Osw'ald H(»er a species 
of Woodlouse {Armadillo molassinot) fnun the Miocene freshwater 
strata of (Eningen. Five others (Cymodoiru HarmaLicn^ Andr. ; 
Ephrroma fU’ors, Eichw. ; Sph, faoeolatnm^ ('ostn ; Pultrya anconi- 
tana, Andr. ; ArcJatoBjduProjna Fricii) are all N ewer Tort-iary forms. 

A species of Oni«cus^'^ a Trichon ittvas^ arid three spticios of /br- 
ctllio are all described from the Amber-deposits of Tertiary ago on 
the Baltic coast ; and a fossil Splurroma {S. liariartii) has boon 
described from Mexico by M. Barccna. 

Phvllocahida and Cumacka. — S tanding on the border-line be- 
tween the Malacostraca and Eutomostruca are the Piiyllocakida, 
represented at the present day by the genus NchaHa^ wliich afFords 
a connecting-link between the Phyllopoda and the Malacostraca 
(see my previous address, Feb. J5th, 1805, pp. Ixxxiii & Ixxxiv). 

In the earlier of these ancient Silurian * Pod-shrimps,' such as 

^ Namely, Eo$ph(groina Smiihii, E. JluvUitile^ II. W., E, Jironymartif Edw., 
K obtusum, H. run Meyer. 

* Namely, Oniacus convexus, Koch, Tertiary am be r-dcpo«iU, Baltic. Trioho^ 
niseuB asper, Menge, loc. cit. Vorcellio luHaCua, Koch, P. granulatuB, Menge, 
P. eyclophorutf Menge, loc. ciu 
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Ceraiiocaris papilio^ C, stygia^ and C. Halliana, the carapace 
is large and is composed, as in the living Nehalia^ of a re- 
duplication or fold of the dorsal integument of the head>segments, 
which stretches backwards and forms a separate cover or shield, 
not only to the cephalic and thoracic segments but even to some of 
the abdominal ones as well. 

In some of the later forms, more particularly in species like 
Veraiiocaris scorjnoides and C. elonyatiig^ described and figured by 
Mr. B. N. Teach, F.K.S., from the Lower Carboniferous rocks of 
Kskdale, the carapace is quite small and only about one-fourth the 
length of the body, leaving about 10 segments of the slender 
thorax and alKlomon cxjwsed fo view. 

This is precisely what one sees in the living forms of the genera 
CVmo, Itodortia^ l)i<uitylis^ etc., and one is led to the conclusion 
that we have bore, iii all jirobability, a passage upward from the 
more ancient Thyllocarid tyi»e (in which a larger expansion of the 
head-sliield and a larger number of post-cephalic segments exist), 
to the more modern Cumacea (in which only a small dorsal shield is 
developed, f(»rraed jiartly by connecting some of the anterior thoracic 
terga with those of the head), and thus gradually leading up to the 
Decapoda (in which all the thoracic tergn unite with the head to 
form a true ccjihalothoracic carapace as in Aatacun and J/omarus), 

Todoputualma. — 1. The Siomatopoha — rej)rescnted at the pre- 
sent day by S(piUla and five other genera — are of esju'cial interest 
to us os, they offer so many important jK)int8 of difference in their 
structure from other adult Crustacea. It is in this sub-order that 
the typical number of 21 segments can always be distinguished. 
The carapace is quite small, and only covers a j)art of the cephalo- 
thorax, while the gills are carried exposed in tufts attached to the 
abdominal swimming-feet. The second maxillipeds — usually small 
mouth-organs — are developed in SffniUa into a pair of large and 
powerful raptorial claws, taking the place of the chelate limbs of 
the common lolister and crab. 

From their extensive distribution over the seas of the globe, 
their past life-history and high antiquity, the Stomatopoda justly 
challenge the attention of the palaeontologist. 

They make their appearance as far back in geological time as 
the Coal Measures ' — one species, Secrosciliu WiUoni (H. Woodw.), 

^ There ie a doubtful form {Amphipeltis paradoxtt*), Salter, ooourriDg 
in the Devonian of St. John, New Brunswick, which may belong to the 
Stomatopoda. 
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having been met with in the Middle Coal Mcasuresof Cossall, near 
Ilkeeton, Derbyshire, by Mr. Edward Wilson, F.G.S., in 1876. 

It is highly probable that Diploitti/Jus Daivsotii^ Salter (1863), 
from the Coal Measures of Xora Scotia, was related to yecroscilla 
Wilsoni, but it does not appear to have possessed appendages to 
the penultimate body-segment as seen in the latter genus. 

The remarkable genus Pinjocrphalus, represented by P. Cooperi and 
P. HuxUyi^ from the Coal Measures of Sbrojwhire, Lanarkshire, etc. 
offers characters common to the Stomatopoda, the Deoupoda, and 
the Schizopoda, showing clearly the narrowness and artificiality of 
our classitications, which must ever need h) be enlarged, in order 
to embrace all the varied forms which m)W live or have existed in 
past times. 

Small, but well-preserved, specimens of C’rustacea, belonging to 
the genus Squilhi, described by (\mnt Munster, in 18110, as ScuUla 
jtennata^ are known from the Ijthogrnpliic Stone of Solenhoferi in 
Bavaria. They differ little (save in the spinoso ornamenUition on 
the abdominal and caudal segments and appcndag(»s) from the 
existing species of Stiuilla. 

The Cretaceous dejK)sits of Ifakel, in th(‘ ladmnon, Imvo yitdded 
to the patient labours of the late Rev. Professor K. R. Lewis, 
F.G. 8 ., of the Syrian Protestant College, lloirht, a well-prosorved 
fossil Stfuillii which I described and named, in 1 S7fl, as >S. Lewisn^ 
after that enthusiastic geologist. A Sifnilfa from the same locality 
(in ISSti) has been named Sculda gyriaca by Dames. Scliluterhas 
named two species, Psendosculda l^rvis and Syuil/a rrciacca, from 
the Chalk of Westphalia. 

Another fossil example met with was obtained from the London 
Clay of Highgate by the late Mr. N. T. Wethercll, F.G.S., and was 
described and figured by me, in 1 870 , as Sf/uilUi WethcrcUi. J/)visato 
(1894) has recorded a S(juilla mioceaica from the Miocene of 
Sardinia. These Secondary and Tertiary iSf/m/lt' all closely 
approximate to existing forms of Stomatopoda, but the ancient 
Carboniferous representatives of this sub-order suggest a more 
generalized typo of structure than those of later tiroes. 

Notwithstanding their wide distribution in time and space, the 
Squillida» are of rare occurrence — both recent and fossil. Two causes 
may probably assist in explaining this ; first, the thinness of thi* 
test, which would render it less likely to he preservod ; and secondly, 
the fact that all the species are fossorial in their habits, forming 
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a very deep, nearly vortical, cylindrical burrow : this goes down 
for several feet into the sand, which is hardened by the pressure 
of the dorsal surface of the nnimars body. They thus, too, often 
escape capture by coUcctx^rs in the living state, and are too delicate 
to preserve w’cll wlicn fossil. 

2. The RenrzoroDA, — represented at the present day by 
and numcrouH other allied genera, — occu]>y the most jmmitive 
position in tlje order Podophthalma, and still retain unchanged 
the original characters which distinguished the progenitors of the 
group in earlier times. 

^J'his is further emphasized by the fact that many Decapod Crus- 
tacea, in their in ore- advanced larval stages, pass through a ‘ 
stage ’ h(?fore reachitig the adult condition. 

Kiglit pairs of similarly- formed thoracic limbs arc present (namely, 
three pairs of muxillipeds, and live jmirs of posterior api^mdagcs), 
each being furnished with a well -developed exopodite and endo- 
podite, and frequently bearing frcely-jjrojecting external gills, not 
covered by the cephalothoracic shield. 

Considering the greater simplicity of the forms in this division, 
it seems highly jirohahlc that some of the earliest Marruran Crus- 
tacea, such, for instance, as th(‘ Pahrocraufjon socialu of Raltor, 
from the Coal Measures of Fifeshiro, may have belonged to the 
Schizopoda, hut very few of these are sufficiently well-preserved to 
render exact determination possible. 

Ruch forms as Udord/a A<]asdzi^ Opj>el, from the Lithographic 
SlateofKelheim,l{avaria, in which the cei»halot horacic shield is short, 
and the legs uniform and )»rovided with endopodito and exopodite, 
may, I think, with almost absolute certainty he referred to this 
division. 

Mackuka. — T he earliest example known of this modern division 
of Crustacea was obtained by Prof. K. P. Whitfield, in 1880, from 
tlie Erie Shales (Upper Devonian h Le Roy, Lake Co,, Ohio, U.S.A., 
and named by him l^aJ<ropahrmon Am*/>erri/f, which in its general 
characters closely resembles the modern Crangonidea, the Shrimps 
and Prawns. 

To this division must also be referred the PaUfocrangon tsW 
dahngU of Peach (1880), from the Lower Carboniferous rocks of 
Eskdale, Scotland. 

Eight species of AniJimpidmncn from the Coal Measures of 
Scotland and England ; one from Illinois, U.S.A. ; and one from 
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Novatecotia, illustrato the abundance of those small cnistacea in 
the dtboniferous period. They have many points in common, but 
probably deserve more than specific differentiation. 

With the exception of A nthraptihrmoti Parl'ii^ A, Tratfitairil^ and 
A, Etheridgei^ which measure from to 5 inches, the other species 
do not exceed 1 to 2 inches in length. 

The caraj)ace and body-sefrments were evidently and usually 
broadly expanded, as in the Kryonidre: the lar^e scale at the base 
of the outer anteniue sugf^ests the Penividie ; the strong? basal 
joints of the inner pair of antennte with bifid thij;ella, and the outt^r 
pair with single ones, are like* nuuiy of the mode*rn Caridea and 
Astacidea ; the caudal appendages forcibly recall the rhipidina of 
the living (ralatheida*. in which, as in some ancient forms, thoro 
are two additional broad lameihe to the tail-fan, developed one on 
either side of the teUon. [This fact, as Peach correctly observes, 
strongly iav(mr8 the view that the tolson should not be treated as 
u mere median nppendagi*, but us a true 21st body-s(‘gment. ] 

In the spinos<’ ornamentation of the somites and caudal plates; 
in the broadening out of the segments tif the abdomen and the short 
rounded form of the c<‘phalothoracie shicbl (csptadally in Authra^ 
pahrmon Parkii) one is reminded of the genus hut most 

probably this is only an analogy and nothing more*. There is some 
evidence, though not cjuite satisfactory, that the hranchiu* may have 
been partly exposed as in Mijsis, but we iictul furtln^r light on this 
point. 

Knough has been said, liowever, to show that the small Carboni- 
ferous Crustacea are much mow gem^ralized than their modern 
descendants, and probably stood in the jKisitiori of great an- 
cestors to most of the living Muerura and even to the Brachyura 
also. 

The Caridea, embracing all the shrimps and prawns, and possibly 
also some of those ancient Carboniferous sficcies of Anthrapalac- 
monida* already referred to, are divisible int-o (ho Monoeari)ino8, 
the Polycarpinca, and the Crangonidea. 

Monocarpikka. — In this section the fifth joint of the wrist of the 
second pair of thoracic limbs is not suhdividorl, and the chclm of this 
pair are larger than those of the first pair. 

The firing representatives are divided into eleven families, the 
best known perhaps of which is that of the Palo^monidre, embracing 
the true Prawns. In these the first and second pairs of thoracic 
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legs are chelate, the second being the longest pair ; the carap^ is 
even and rounded, with two points, the one above, the other 
beneath the peduncle of the external antennae ; the rostruiil is of 
great length, curved upwards, and armed with 7 or 8 teeth above 
and 4 or 5 beneath ; the inner antennae have three filaments, two of 
which are long ; the outer antennae have filaments of very great 
length, and a long and pointed scale near the base. The oldest of 
this t }|)0 known is the raiUana from the Trias of Haibl, 

Austria, Two species of namely, Marderi and Brodiei, 

have been described by me from the Lower Lias of Lyme and of 
Warwickshire; five forms of the same genus have been figured by 
Miinster and Oppcl from Solenhofcn, remarkable for the length of 
the rostrum and of their last pair of spinose ])cdiform maxillipeds. 
The genera Udora, Ilefriga^ and Elder ^ from the Lithographic stone, 
probably all belong here. 

Another Prawn, Oplophorwt van,~der-Marchi^ Sehliiter, is from 
the ('halk of Westphalia ; two species of the genus IIomely$ (a 
fresh wafer Prawn) are from the Miocene of (Eningen ; Mkropmlis 
papyracea, II. v. Alc'yer, from the Tertiary Paper-coal of Rott, near 
Bonn, and Palanmn c.rii7, Fritsch, from the Tertiary of Bohemia, 
complete this tribe. 

PoLYCAKPiNEA. — This scction embraces the families Nikidac, 
Alpbscidm, Hi])polytidflD, and Pandalida\ All the members of 
this group arc distinguished by one common character: it is, that 
the second pair of slender thoracic legs have the carpus, or fifth 
joint, multiart iculate — that is, subdivided into a greater or less 
number of minor joints, like the flagellum of the lobster’s antenna. 

It is interesting to record that this remarkable and multiversatile 
hand had already been in use, no doul)t prior to the Upper Jurassic 
period, for the genus BlacnUa had just ^ueh slender limbs of this 
pattern, one fourth longer than its entire body. Three species have 
been noticed by Oppel from the lithographic Stone of Solenhofen in 
Bavaria; while 21 genera of 'world- wide distribution still illustrate 
the convenience of this form of limb, which may serve to assist this 
small Shrimp to extract, from spiral shells and slender worm-tubes, 
food of a nutritious and ap])etizing kind. 

Cravqonidea. — I n Crangon the rostrum is absent or rudimentary ; 
the inner antenum have a dilated base terminating in two filaments ; 
the external antennae are nearly on the same line with the inner 
ones, and have a large scale at the base ; the first pair of thoracic 
legs is subohelate ; and the finger is inflected to meet a small 
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radimentarj thumb. The hinder margin of the carapace is over* 
lapped at the sides by the first s«^ment of the abdomen. 

It seems probable that UdoreUa Agassiziy from the Lithographic 
Stone of Solenhofen, belongs here : the feet are monodactylous, but 
the outer antennas each have two flagella, and the thoracic feet 
carry endopodites externally, which may bo gills os in MgtU. 
P^eudoeranfjon tenuicaudut^ from the Chalk of Westphalia, should, 
1 think, be placed here. 

The position of Pahrocrangoti fshlalenyis^ from the Lower Carboni- 
ferous of Scotland, is very doubtful. 

Me^ocravijon atra is from the Gault of Folkestone, and Paeudo^ 
crangon from the Chalk of tlie Lebanon. 

The Pknmiidea, typified by the genus Pemrun ^ are a group 
abundantly represenfod in the S<‘coiidary rocks. Tho oldest form 
is probably the Prwnt,^ Oppel, from the Lower Lias, 

Schaml»elen, Switzerland, and next comes /^ Sh(trpii\ If. Woodw., 
from the Up|K‘r Lias of Northampton. There are, moreover, five 
well-preserved species, figured and described by Oppel from the 
Lithographic Stone of Solenhofim. Aranthochirns 3 species, Byhjin 
Jtsjwcies, Drohna 2 species, and /hesrr ? 3 speeiiis, are also considered 
to belong to the lVna'ida\ PemruH Kfptnnjfjtlndtim, I tamos, and 
P, lifninenins, Itrocchi, are from the Cretucoous of the Lebanon. 

Prmrus and 20 other genera allied to it an^ living at tlie jiresont 
day very widely distribuU-d geograjdiically. The Now South Wales 
species, P, fMcnlentus^ attains a length of 9 inches, and is largely used 
for food. The genus is of especial interest, not only as occurring 
fossil, or as being edible, but from tho fact that, so far as wo at 
present know, it is tho only Maerurous Decapod in which tho 
young passes from the egg ns a simple iV//«y>/»w«'larva, similar to 
that of a young Cojjepod, Cirripedc, or l*hylloj)od-larva just hatched 
from the egg, and advances through a series of moults to a 
formed zoea before attaining the adult stage. 

Astacidea. — O f tho section Astacidca, the Kryontidu' occupy the 
first family, but they are peculiar and vary considerably from the 
ordinar)* fyp®* 

Ertoxtidjs. — T he genus Eryon was first made known by Des- 
marest in 1822, and was applied by him to a group of Mncnirous 
Crustacea with a broad and flat carapac*c, strongly notched or indented 
around the anterior border, but with straiglit sides ; the antennules 
are small, and bear multiarticulate flagella : there is a narrow acale 
near the base of each outer antenna, the flagellum being of moderate 
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length and stoutness. The abdominal segments are short and flat, 
but narrower than the carapace, and terminate in a rather pointed 
telson and 4 tail-lamintr. The first pair of thoracic legs are nearly 
as long as the body : all the limbs have chelate extremities, save the 
last pair, the extremities of which are simple. 

It is not imj)robable that the earliest members of this ancient 
family (which attained its majority in the Upj)er Jurassic period) 
may he traced hack as far as the Ix)wer Carboniferous of Eskdale, 
Sfiotland ; and they may be identified with such sj)ecic8 as Anthra- 
fuilamon Macconochii ^ A. Woodwardii^ and some others (see Quart. 
Journ. Cool. Soc. 1879, vol. xxxv. pi. xxiii. p. 4(M) described by 
R. Etheridge, Jun. Another early form is the Knjon raihlanus^ 
Rronn, sp., from the Trias of Uaihl, Jlohemiu; followed by the 
Krijon (TrOjtiffr) hevis of Gould from the lihaetic Bone-bed of 
A list. 

In the Lias formation there arc ten described species, namely ; — 

Eryon ('alrado.sii, Morion*, T. Lias, Caine, Calrados. 

„ J/arfmanui, Mover, U. Lius, Wurtemberg. 

„ Kdwardm, Moriere, U. Liii«. Culvudoa. 

„ Moorti, IL W<kk1w.. U. Lias, Iliiiinster. 

„ Em heri^ (^p|w*l, h. IjiuH, Baden. 

„ a}du/i(Wi, Brodp., L. Lvine Regin. 

,, harrovnisis^ M'Coy, L. Liaa. Barrow-on-Soar. 

„ vuhncoltnt^iii, 11. \Vo<k1w., L. I.ian, Wiltncole. 

„ l^rodici, II. \V(hm1w., L. Lias, Lyme Kegis. 

„ cramvhiiui, 11. Woodw., L. Lius, Lyme Regis. 

One species occurs in the Great Oolite (Stonesfield Slate), namely, 
the Eryon Stoddard of H. Woodward, while the Kryon PetToni of 
£tullon occurs in the Oxford Clay of Culmoutiers, Haute Saone, 
Franco. 

Ten species of Kryon have been described from the Lithographic 
Stone of Solenhofeu (pro])ab]y near the horizon of the Kimmeridge 
Clay of England), namely ; — 

Ei t/on propinquio!, Schloth. Kryon bi/obatus, Munst. 

„ ttpinimanus, Gennar. „ lonyiprs, Fraas. 

„ orbictd<tfu», Mitnst. „ SvhubtTti, Meyer. 

„ efonyatus^ Munst. ' „ Kedtetdta(hcri,M\inBt, 

„ arctijormi^, Schlutb. „ OppeK, H. V^’oodw. 

I have described one Lower Cretaceous species under the name 
of Eryon MocomiensU, from the Neocomian of Silesia. 

Lastly, we are indebted to the Naturalists of the Challenger 
Expedition for a knowledge of several living representatives of 
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the family Eryontida?, referred to the genera Ptniiuhthg^ 

Stereomasti^^ and WiUemoes'ui^ from the Mediterranean, the Atlantic, 
and the Pacific, obtained from depths varying between 220 and 1000 
fathoms. The recent spwies bear a ver}* close resemblance to their 
Liassic and Oolitic ancestors, and they offer a striking illustratitm 
of the vast length of time over which a family may extend w’ith 
very little alteration as regards general form. 

What is the reason for the remarkable fact that so many old- 
world genera, belonging to snch varitnl forms as Smitihut^ Plruro- 
tomaria^ Pholadotinja^ Arcn^ Calreria^ J*etit(icrinus^ Poh/chdrs, etc., 
dating from the Mesozoic period rather than the modern one, 
should still be found living in the deeper waters of our present 
oceans? Are we justified in concluding that they have so survived 
because those areas have remained undistiirbed since the close of 
the Permian epoch? Or have they bt'cn comj>elled to occupy the 
dee|»er waters by other and stronger forms of marine life? 

The Scri.i.AiiinKA iniglit, at first sight, ap]>eur to offer an analogy, 
in their hroadly-expufided and flattened-out. (a'phalothorax and 
alKlomen, to the genus Knjon, hut thc‘y art' in reality very wddely 
sejairatetl from that family (which are Astaeidea), the broad and 
serrated front of the carapjiee in Scifllivrn$^ and Ihacng 

being largely due to tlm very singular modification of the great 
pair of outer antemne, tin* joints of which are flutteiicd out into 
enormously broad and sjdnous fan-shaped scales, the eyes btdng 
usually inserted in deep Indlows near their bases at the outer 
anterior angles of the head, but in Ihucus they arc set nearer the 
front centre. 

These singular forms arc recorded ns far back as the fiault, two 
species having been noticed by me from that fonnation and named 
Sn/llaridut (Jardneri and SvifUandia jmm tatn ((ieol. Mag. 

Jbanut prffrnrHor of I)am(;s is from the Chalk Uock of the Ijchanon. 
()th<'r species from the b»ndon(day have ])cen figured and described 
as Sfyllnridia Koeniyil^ S, JStllily and Thctwjts scylktriformig, all from 
the Isle of Sheppey. 

It is interesting to record that the late; Prof, von ficebaeh 
discovered and described a larval Palinurid from the lithographic 
stone of Solenhofen, well known — among living Crustacea — as ‘ the 
Class-crab,^ PhyJlosoma^ ; some of these Phijllosoma>. have been 
proved to be the larx-al stages of the Scyllurida?. 

' Munster, * Beitritge zur retrefuktenkunde,' Ileft i. p. 84, pi. Tiii, figs. 3, 4. 
4U>. 1839. 
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Prof. Dames has described and figured two supposed lanral 
forms of Crustacea from the Cretaceous of the Lebanon, under the 
names of PstuderiMms creUiceus and Proiozoea Uilgendorji^ which, 
in the long produced fore-and-aft spines on the carapace, call to 
mind the larvic of Hippa^ Porcellana^ and of some other living 
Decapod a. 

pALiNPiapjr:. — In Palmurm the carapace is less expanded and is 
longit udinall} subcylindrical, with the orbits partially excavated and 
the eyes protected by strong spines ; the external antennae are verj’ 
thick and long, their basal joints strong and spinous. The internal 
antennae arc principally composed of three long joints, with twc small 
tlagella at their extremities. All the feet are roonodactylous. The 
tail is verj' broad, and the outer lamella is not jointed. 

Palinurina longipes^ Miinstor, is found in the three divisions of 
the Lias of England, and in the Lithographic stone of Solenhofen, 
Havana, and other localities. 

Palinnnts {Ghjphra) Sa>mannu Oppel, sp., and P, Woodwardi^ 
Fritsch, come, the former from Solenhofen, and the latter from the 
Chalk of Bohemia. P, imnodactiflusy Sehl., sp., is from the Chalk 
of Sondonhorst, Westphalia. 

Canrrimis davujer and Cancrinm lalipes make us acquainted 
with a very remarkable Palinurid from Solenhofen, in which the 
outer antennm are developed into large multiarticulate club-shaped 
organs. 

Hero is also placed a singular crustacean with simple monodactyle 
thoracic limbs, from the Lower Lias of Burrow-on -Soar, Leicester- 
shire, named by me Pnratga scahroga, 

ArclufocarahuH Bowerhankiiy M'Coy, rnrrios the PalinuridsB on into 
the Eocene Tertiary strata, and the PaHnunis vulgaris (or common 
* Spiny ’ Crawfish) is living around the rocky parts of our own 
coasts and those of France and the Mediterranean, and elsewhere, 
abundantly to-day. 

There are several fossil forms of long-armed monodactylous crus- 
taceans which have been placed bore, presumably for convenience ; 
beginning with Scapheus ancglochelisy H. Woodw., from the Lower 
Lias of Lyme Regis (Quart. Joum. Geol. Soc. vol, xix. 1863, pi. xv.) ; 
^ffcochiru8 Pfarceiy M‘Coy, and AT. socialise Moyer, sp., from the 
tlxford Clay of Christian Malford, Wiltshire ; Mecochirus Ptyionx^ 
H. Woodw., from the Kimmeridge Clay, ‘Sub-Wealden Boring,' 
Sussex ; and represented by six long-armed species from the Litho- 
graphic Stone of Solenhofen Bavaiia. These singular forms were 
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probably all of them burrowing species, using their long arms to 
assist them in the process. 

Gltphjeid^ — T his family is represented by the genus Pemphix\ 
and appears first in the Muschelkalk of Crailsheim, Gormuny. 
It approaches somewhat the modern 2\ilinuru$ in character : 
Desmarest, who first described it, in placing it in that genus. 

It has a strongly-marked warty carapace, large outer antennm, and 
the first pair of thoracic legs are inoiiodactylous. A number of 
small carapaces referred to I^iIavpemjihU' by Prof. Gemmellaro, 
of Palermo, have boon figurc'd and described by him from the 
/^au/bui-Limestone of Sicily as P, and i\ Meyeri ; 

but no appendages have been found w ith these carnpucos. 

Many forms, referred to the genera (Jtyphirn and Psewhyhjphra^ 
with the regions of the cephalothorax strongly accentuated, and 
having monudactylous thoracic feet, occur in the .lurasaic rocks of 
this country atul of Solcnhofeii, while species of (Hyphtnt and 
Meyeria occur in the (treeusand and Clialk of Knghind and itohemia. 

Astacidka. — A s several of the chnrac'ters aUributed to this tribe 
are certainly uj»plicahlo to S'une, if not to all, the Hniall forms 
referred to Antlirapahnnon in the (‘arboniferous l*eriod, wo are 
probably justified iti considering this us the mofc generalized 
ancestor of all the Astacidea. 

No fewer than species of the genus Kryma occur from the 
Ididdle Lias to the lathugraphic St»me ( — Kiinineridgian), while 
Agtacus^ PgeudastacuH, Jlojtioparia, Knoylocl ytniy PafitanUicvs^ and 
other allied genera carry us through the Cretaceous and Tertiary 
series up to the recent At'jJtrojts and llumariix^ representing the 
marine brunch, and to the Potamobiidie and Purustueidm, the 
former embracing all the freshwater forms of Cniyfish in the 
Northern, and the latter all those in the Southern Hemisphere. 

in the Jurassic wx* also have: — 

Eryma VilUrgii^ Oxfordian, Calvados. 

In the Cretaceous we have also : — 

Pieudasiaais hakeUnsig, O. Fraas. 

„ miiwr^ O. Fraas. 

Nymphcfojts cotgfeldunsis^ Schliit., ('halk, Westphalia. 
Camharus prinupvuM^ Packard, Lower Tertiarj', Wyoming. 
AiUicug poliiuM of Schliiter, Chalk, Westphalia. 

Uomarus Bogquetii^ Cretaceous, Hucstricbt. 

„ Ptrcylf Hupelmoude, Brabant. 

^ Brtdaif Pels , Cretaceous, MaestrichU 
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The existence of this Astacomorphous type from Palaeozoic times 
exactly corresponds with its remarkable and world-wide distribution 
at the present day. The late Prof. Huxley suggested that the 
descendants of Enjma in Jurassic times gare rise to Emploclytia 
and Hoploparia in the Cretaceous period, and these to the modern 
marine Homarina : per contra — that Pseudastacug, in the Jurassic, 
originated the fresh wat/or Potamobiidm, which have, in the long 
j>criod of time that has since elapsed, not only split up into the 
northern and southern potamobinc and parastacine types, but have 
hecoino distributed from land to land by overland and freshwater 
lines of communication, since broken up and removed, but which 
must, upon this hy])othesiR of descent, have formerly existed ; unltHiS 
we are prepared to adopt the theory of geographical distribution of 
animals, propounded by St. Augustine for insular floras and faunas 
— namely, that they were carried there by angels. 

The magnitude of the problem of the Astacidea becomes more 
apparent when wo bear in mind that these freshwater Crayfishes 
are distributed over the rivers and lakes of 12 widely separated and 
extensive land-areas ((‘ach being marked by its own geographical 
species), such as the European-Asiatic nren, the Amurland, the 
Japanese, the West North American and the East North American, 
the Brazilian, the Chilian, the New Zealand, the Eijian, the Tas- 
manian, the Australian, the Madagascar areas. 

It is not without interest to observe the strong cousinly resem- 
blance between many of tlu'se forms now separated so far by time 
and 8])HCc. Take, for instance, two of the largest living forms — the 
Astdcoides ntadayasrarlensls^ from ^fadngascar, and the Antacoides 
artnatngy from the Murray River, South Australia: they closely 
resemble one another in form and in general structure, although 
now separated by the breadth of the great Indian Ocean ; but the 
former species is smooth, or only slightly scabrous, while the latter, 
as its name suggests, is armed with prickly spines on the sides of 
the cephalothorux and the abdominal somites. 

This spiuoso ornamentijtion may seem trivial, but it is, I believe, 
unique of its kind among living Astacides. Strange to say, it finds 
its homologue not in another living or fossil form of Crayfish, but 
in an ancestor of the marine branch of the Astacidea, the Enoplo- 
chjtia sttsse^riensis from the Chalk of England. 

The Thalassixidea form a remarkable family of true fossorial 
Macrura, having a long and slender abdomen, the segments of which 
do not overlap, and the epimera are feebly developed ; -they have also 
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a small carapace, compressed on the sides ; the eye-stalks are small ; 
both pairs of antcnnss have long peduncles. The first pair of legs 
are imperfectly chelate and expanded for digging at their 
extremities, the others are shorter and hirsute. The swimming, 
plates of the tail are slender and |)ointed. 

The Thalassin^e are common on the west const of Australia and 
in the Fiji Islands, and always inhabit deep burrows, which they 
excavate in the sand or mud near low ■water. One fossil species, 
Th, Emerifi (Hell), has been described by Prof. Bell from Western 
Australia, where 1%, scorpioiths is found Jiving. 

The genus CaUlanasm (belonging to the same family) occurs on 
the coasts of Ireland, Britain, France, and the Mediterranean, the 
shores of North AnuTica, and elsewhere. The carapace is small, 
without a rostrum ; the abdomen large; the integument is not very 
firm. The front legs are huge and strong, one hand being very 
much more dovelo|H‘d than the other; the thinl pair of legs are 
wide near the end, and are used by the animal in digging. 

This lob.ster lives habitually concealed in its burrow with only 
its strong chelate fore-liinhs projec^ting, ready to 8<M/.e on any passing 
prey. As a result of this habit, perfect specimens are seddom to be 
obtained, bur the great claws are frecjucntly to be seen, both 
recent and fossil, iii Museums. 

A srM'cics of the genus CaUtanasm is iml with in the Kimrae- 
ridge Clay ; one sjiecics occurs in the (Vetuc<‘ouH ot North America, 
ten in that of Europe, and one in the Eoctuie of the Isle of 
Wight. So far as one is able to rely uj>on the imperfectly preserved 
fossil remains, it would ajipear that the Hjwcies of this genus have 
undergone but little change, and occupy to-day the coasts of 
relatively the same areas in which their fossil remains have been 
found as far back as the Ujjper Jurassic. 

Upofjehia (=iGefna) is an equally active burrowing form, and 
closely related to (fallianagHn, from our own shores and those of 
North America. Passing over the Axiuhe, also closely related, we 
come to the Thaumastochelidie, established for the genus Thaumanto^ 
chehs^ a very remarkable burrowing form dredged from 450 fathoms 
and more, off St. Thomas, in the West Indies, by the Challentjtr 
Expedition. It is veiy like the Callianassidie in general appear- 
ance, but one of the hands is modified into a very strong claw, armed 
with a long, slender, and delicate forceps-like chela provided with 
slender and very numerous teeth. This curious burrowing form of 
Crostaoean {Tliaumaslochela Zaleucta), living now in deep water 
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ofP the West Indies, is represented by two almost identical forms, 
described by Prof. Dr. Anton Fritsch, namely, SttruKhtles e8ocinu9j 
Fr,, and Stenocheles parvultu^ Fr., both from the Chalk of Bohemia. 
Jschnodactylus iruf^juidens, Pelseneer, from the Uppermost Chalk of 
Limburg, belongs apparently to the same group of Crustacea. 

Is Thaumastorheles a deep-water survival from the Chalk- 

sea of Europe, and did its area extend to the West Indies ? 

Dr, Paul Pelseneer has figured and described a cephalothorax of 
(ialutJua (named G, Vhaghin) from the Muestrichtien or Upper 
Chalk of Limburg, and I have received from Miss Caroline Birley 
another example of the same genus from the Danien Upper Chalk 
of Faroe. 

Bkachtura (Crahg), — Standing between the long-tailed Lobsters 
(Macrura)and the short-tailed Crabs (Brachyura) is an anomalous 
group of forms, of considerable extent among living Podophthalma, 
fortunately, but few of which are met with as fossils. These were 
formerly elevated into the rank of a distinct tribe, the ‘ Anomura,' 
but a careful consideration soon reveals the fact that this name, like 
some still in use in other zoological groups, is but the confession of 
our ignorance as to the exact position of the individuals relegated to 
such scientific dustobins. 

(L 0. Hars has made an earnest effort to clear up the relations of 
somo of these Anomura, and, from a study of their larval stages, 
ho is led to refer to the Macrura the following forms, namely : — 
Lithodes, Kupagunts^ A'najtaijurus^ Munidopgig^ Galathea^ Munida^ 
and Forcfllana. Of these, Porcellana and Lithodeg heretofore had 
been placed on the side of the Brachyura, but, tested by their larval 
stages, they are really Macrura. On the other hand, the Dromidm, 
Homolidse, Kaninidm, and Dorippidm belong to the anomalous 
forms of Brachyura. Such * borderland * genera are among the 
familiar difficulties known to every zoologist in the study of any 
natural order, even w hen fossil forms are not, as in the present 
instance, taken into consideration. 

In this anomalous group we are frequently enabled to penetrate 
the veil which Nature too often spreads over her workings, and 
to discover the secret of the transformation in appearance which 
many of these adult Crustacea assume, and detect how it has been 
brought about. 

Thus we find that all those forms which constantly hide them- 
selves in burrows, or in shells of dead moliusks, living sponges, 
sea-anemones, and other like hiding-places, become in time quite 
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warped and diatorted from their natural shape, by their mode 
of life, and lose the use of certain members, which cease to 
grow, while others develop peculiarities in structure, or they may, 
as in the Soldier-crabs, lose the hard coverings to their bodies. 
* Dromia does not carry about with it a turbinated shell, like 
Pagurtts^ but clothes itself in the bright skin of its victim, a sea- 
lemon {DorU\ (or example, or encourages a parasitic sponge of 
showy colour to grow upon its back, holding it in its place with 
its two hind pairs of rudimeiitar)’ feet» just as tho other true 
hermit-crabs hold their shells on over their soft-skinned bodies’ 
(Gosso). 

Species of Doripfte from Singapore have been observed by 
Dr. Archer, carrying the leaf of a mangrove-tree over their backs, 
or the half of a dend bivalve shell, to conceal tliein from view. 

Specimens of llgas not only dress themselves in living seaweeds, 
which they dtslilK?ruteIy plant upon their backs, but if their 
surroundings be changed they w'ill remove these, and replace them 
with some others more suitable in colour — to match with their new 
conditions. 

In those forma which, like Jlanina, Zancllfrr^ and others, 

are exi>crt diggers, the body and legs are both specially moditlod, 
enabling the animal to sink down rapidly backward inU) tho wot 
sand, or soft mud, and so escape from cajK ure, 

Fossil Forms. — Of some of the oldest forms referred to this 
division there is considerable doubt, owing to W’ant of more com- 
plete fossil evidence. 

Thus, it is not easy to dotc^rraine tho true nature of tho genus 
Oonocarcinus^ of which l*rof. (iernmellaro has figured and described 
three species from the /'aifi</mrt-LimoHt<^iie of ralerino, Sicily. 

With these doubtful forms is associated another, named Para^ 
proso2>on Iteuuii, Gemm., which is certainly referable to tho genus 
VijcluM. 

It is possible that Oonocarclnm may be part of an Arachnid, a 
supposition which its ornament suggests. This is certainly the caso 
with regard to a supposed Brachyurousf/’rustacean, described by me, 
in 1878, under the name of Brachypifge ettrbonut, from the Coal 
Measures of Mons, Belgium. It proves to be almost certainly the 
abdomen, not of a Crab, but of an Arachnid near to Eaphrynua 
Prestvici^ H. Woodw., from the Coal Measures of Dudley (Geol. 
Mag. IStf 1, p. 385). 

In 1866 I had the pleasure of describing a short-tailed crab^ 
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from the Forest Marble of Malmesbor)*, Wiltshire, under the name of 
PalaninachuB lon^ipes (Quart. Joum. Geol. Soc. toI. xxii. 1866, 
pp. 493-4, pi. xxir. fig. 1), which is still the oldest fossil crab 
known. 

As the limbs are preserved, as well as the carapace, its deter- 
mination is all the more satisfactory and reliable. The legs are 
extremely long and slender ; in this respect, and also in their form 
and in tliat of the carapace, with its remarkable prominent tubercles 
in front, it closely resembles the common ‘Spider-Crabs’ — the 
Maidtt! and l^ptopodida? — living on our own coasts at the present 
day, and tlm great Japanese Crab, Mecocheirtts Kempftri^ of De Haan. 
In 1868, 1 figured and described the carapace of another llracbyuran 
Crustacean, but without limbs attaclu'd, from the Great Oolite of 
»S(onesfield, under the name of Prompon mammillntnm The Upjier 
Whit.e Jura of Vim, (lermany, has yiedded cara]>acoR of several 
minute crustacca, wliich are either llrachyurous or Anomurous ; 
those are generally ])laced under the Dromiacea, but unfortunately 
no limbs or abdominal segments have been found associated with 
them. As many as 3 genera and species of these forms 
have been figured and dt'seribed by H. von M(^yer, Quenstedt, 
and Iteus.s. 

Although shortz-tailed or Anomalous Crabs are rare in the 
Jurassic Series, they become more abundant in Cretaceous times, 
and we find not only the earliest and simplest forms, such as 
Dromiacea, but also rei>re8entative8 of all the great families of the 
lirachyura. 

Commencing with the Dhomiacea, we find a genus, like Dromiliks, 
which 1 have nanuHl l^rosopon EtherUbjel^ oeeurring in the C'retaceous 
of Queensland, Australia; Cppluniotiat incertus and Plapiojththahnus 
oviformU, from the Greensand of (-ambridgo and of Wiltshire ; 
DIauhhX' Carter from the Cambridge Greensand, and D, felice/fS^ 
from the Gault, Folkestone ; Platppodia Oweni\ from the Chalk of 
Sussex ; Polpenemidutm from the Chalk of Bohemia ; 

Ghfphuhjfreti^ formomts, from the riiiner-Kalk of Kbendort ; Dro- 
miojisis rur/osa^ from the Chalk of Fuxoe ; and JJonwhppsis Edwardsi^ 
from the Gault aud Greensand of England. 

DromiiiUs Lamarclrii, of Desmarest, and Goniodiele angulatay of 
Bell, are both London Clay forms from the Isle of Shep|>ey ; Stetio- 
dromia is from the Eocene, Biarritz. These complete the Tertiar}' 
record, while about 9 genera and numerous species are widely 
distributed over the seas of the world and are still living. 
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In the Ranikibka we have Raninetta eUmgata and R, JHuVeri, 
from the Cretaceous of Aachen ; Raninoides UrviSf from the Chalk 
of Osnabriick; and Ranina cretacea, Dames, from the Lebanon. 
From the Eocene we have Aotopas Uftjrichii^ Bittner, and Palaaono^ 
topv9 Barroisii, Brocchi, from the Paris Basin ; Ranina Maregtiana^ 
Kiinig, R, stpeciosay Miinst., and R, havarica^ Ebert, from the 
Eocene, Krossenberg, Bavaria, and R. Hou'dleana^ Milne-Edw,, from 
the Eocene, Biarritz; Ranina AdatnttH^ H. Woodw., from the Miocene 
of Malta ; R, pttlmra^ U. Tortiar\', Asti, Piedmont ; R, gjH^riosa^ 
Tertiary, Biinde; R, ohhmtja^ from Kbenda ; whilst Ranitin gcahrn 
(vel dmtata), from Amboina, Raninoides personatug^ yotopovles latus^ 
R'otopus dorgipeg^ Lifreidns iridentatus^ L. liainlily and Zancllfer 
carihfnsis^ livt* at the prenont day on various subtropical coasts. 

This concludes all that 1 have to say regarding the Anomalous 
Brnchyura. 

In the OxYsToMATA, Of ‘ sharp-mouthed ’ crabs, which derive 
their tribal name from the more or less trifingular shape of the 
buccal region, the cara]iaco is convex, with the antero-lateral 
margins arcuate, orbictilate, subglobose or more or less oblong — 
in fact variable in fc»rm. Th<*so are represented among living 
forms by the J>orij)pidie, the Calappidm, the Matutidie, and the 
lAMjcosidie. 

The Douiprio.f: are certainly anomalous forms although placed in 
this division, and would stxnn more suitably located with the pre- 
ceding group. The cara[mce is very broad behind, with ])rojocting 
abdominal somites as in Rromia — the lost two (dth and Tith) pairs 
of h*gH being short and feeble with strongly hooked extremities, 
and carried rather on the dorsal surface — the chclipeds are small, 
while the 2nd and .'Ird i»airs (»f ambulatory legs are long and adapted 
for running. The weak and small 4ih and Sth legs are probably used 
to c^rry foreign objects on the back for the purpose of concealment, 
as noticed by Sutgeon-Mujor Archer at Singapore. 

In the Calappid*« the carapace is narrow but deep in front, and 
expanded behind into thin, broad, shield-like expansions which cover 
and conceal the buses of (he walking-legs. The chedato fore-limbs 
are verv’ flat and strongly created, like a cock’s-comb, and when 
pressed close to the carapace they meet in front and form an 
efficient shield to the body. 

In the MatutiDuB, represented by Matuta victor^ the 3rd, 4th, and 
5th pairs of limbe are suitable either as paddles or for burrowing 
in the wet sand, in which they are very expert. 
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The LiuoosiaDJS are small, ivell-marked crabs, with rather long 
chelipeds and a rounded belmeMike carapace, sometimes polished 
or covered with minute tubercles, the small eyes being inserted 
deeply and near together on the front of the blunt projecting 
rostrum : 3 or 4 joints of the abdomen in the female are coalesced 
into a broadly rounded convex plate, on the inner concave side of 
which the eggs are carried and concealed. 

Tho Oxy stomata form the first division of the true Brachyura 
represented in the Cretaceous formation by at least 9 genera, 
commencing with Necroearcinus genonenngf Schl., J\\ Woodwardiif 
Chalk, Westphalia, and N, tricarinatug^ H. Woodw., from the Green- 
sand ; followed by N, avicularig^ Fr.,and N.perlatug^ Fr., from the 
Chalk of Bohemia : thence we pass on to Orithopsig Bonnft/i^ Carter, 
Greensand ; and to Orilhya Becliei from the (inult, Folkestone, and 
0, Woodwardi from tho Chalk Marl, Isle of Wight. Tnichynotug 
gulmtugf Greensand, Wiltshire, and Mithracites vectengig^ Isle of 
Wight, with Hemioon Cunninytoni^ Greensand, Wiltshire and Cam- 
bridge, leading on to Eitcortfgteg Varteri, Greensand, Cambridge, 
PaUfocorygteg Broderipii and Stokenii, (ireensand and Gault, FoIk<^- 
siono. P, Urvlg is from Westphalia ; P. ValUanamtntm and P, igericug 
come from the Chalk of Bohemia; P. ^'ormaniiy Bell, from the Chalk 
Marl, Isle of Wight ; ]\ Harvtyiy 11. Woodw,, from the CVetaceous of 
Vancouver Island, and P, MuJleri from the C'halk of Maestricht. 

Passing ujiward into the Eocene tertiary we have P, gUihray 
Eocene, Portemouth, and Cyclocorygteg pulrhellusy Bell, London Clay, 
Holloway ; Mithracia Hhinioidfg^ Bell, and Campylostcma matuti- 
formig^ Bell, from the London Clay, Sheppey ; Uepatisnis jmhheVtiSy 
Bittner, Eocene, Northern Italy, and Egypt; CaJapjnfia verntcosay 
Eocene, Biarritz, and Calappa ^sp.y Eocene, Hungary ; sp., 

Eocene, Plast Indies, and Matuta, sp.. Eocene, Hungiiry. 

In the Miocene and Newer Tertiaries we meet with Atetecyclug^ 
Miocene and Recent; A. rugosmy Miocene, Montpellier; PaUt^ 
myra bigpinasay Miocene, Turin ; Calnpjnty sp,, Newer Tertiary and 
Recent. Eltalia Bryeriiy Leach, Suffolk Crag and Recent ; Leucagia 
gubrhomhoidalis and L, cranium. Newer Tertiaries and Recent ; also 
Ixa tuherculata. post-Tertiary, East Indies. Corygteg Caggivelaunng^ 
the Masked Crab, is a recent example of the same family. 

In the OxYKHmcHA, or * sharp-snouted ’ crabs, represented by 
Inackug, Maia, Hyag, Siemrbynchut, etc., the carapace is narrow 
anteriorly and is usually provided with a pointed and bifid rostrum, 
the hepatic regions of the carapace being small and the branchial 
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regions large. The epistome is general!}' large, and the buccal region 
quadrate, with a straight anterior margin. 

In long-bodiod Crustacea the nervous system is divided into 
two parallel chords, with separate ganglia for each segment In 
the Spider-Crabs the ncrvoiiH system attains a high degree of 
concentration, there being only a thoracic and a cephalic ganglion, 
instead of about 15 separate centres, as in IJomarus, Notwith- 
standing this high degree of cephalization, they do not display any 
great activity, but are geiicraily of sluggish and slow-moving habits, 
their iutelligoncc being principally directwl to the arts of disguise 
and concealment in which they certainly displny much ingenuity, 
especially in j)lai»ting their backs and legs with seaweeds, corallines, 
Alcifonia^ and the like, which they have been observed to change, 
from time to time, the better to suit the colours of their altered 
habitats. 

This is undoubtedly one of the oldi'st tribes represented in 
geological time, being met with os far back ns the Forest Marble 
((ireat Oolite) of Wiltshire, and it disputes wdth the Dromiacea the 
ancestorship of all the short-tailed I'odophthalma. 

As before remarked, the earliest known crab is the Pahrinaehui 
hnfjipes, II. Woodw., Forest Marble, (ireat Oolite, Malmesbury, 
Wiltshire. This is followed by Llsniopsis traimenSf Fr., from the 
Chalk of itohemia. 

[jaathrus IWiacanthux horndug^ and Micromaja 

iuherculnla^ of Itittner, are all from the Eocene of Vicoiitino and 
other districts of Northern Italy. 

Micromlthrax hoJsalica, from the Miocene of Holstein, a species of 
Maija from the Miocene of Malta and another from the Coralline 
Crag of Suffolk, complete the list of the sharp-nosed crabs. 

CTCi/)iiBTorA. — The crabs which are placed in the tribe of the 
Cyclometopa have the carapace arched in front and often broader 
than long ; more rarely it is quadrate, or suborbicular, but in none 
of the members of this division is the carapace rostrate. It includes 
the Cancridea, Cyclinea, and Thclphusinoa. [The Cor}'BtiDea I 
would prefer to place with the Oxystomata.] Here is located that 
most ancient and astronomical genus — Cancer^ with Xaniho^ Oziug^ 
Trapezia^ Careinug, Portunugy Pohjhiug^ PodophtJialmus^ Thelpltuga^ 
and many more well-known forms, several being largely eaten 
by mankind. Members of the Portunidm occur in the Eocene, and 
of the Cancrids; as fur back os Cretaceous times. 

The Cyclometopa (circular-fronted crabs) of the diviaion Cajt* 



CXiT PB 0 CEXD 1 V 08 OF THK OBOLOOICAL SOCTBIT. [May 1896 , 

CRiDiE make their first appearance in the Cretaceous Series, with 
Xantho Fischeri from the Gault of Neuchatel, and Colaxanihtu for- 
nwou» from the Uj^per Greensand (Cenomanian) of Le Mans, Sarthe. 

Next we find Xanthottui (with 2 species) in the Upper Greensand 
of Wiltshire and Cambridge ; Ei^us (with 3 species from the same 
locality as Xanlhottia, and one species from the Planer-Kalk of 
Bohemia) ; Plcu/iolojihuit forntosus from the Upper Cretaceous of 
Mocklenhurg, and Cancer (with one species from Mecklenburg and 

3 from the (.’halk of Bohemia) ; Xanthopsis minor, Stolley, Middle 
01igoc(‘ne, Southern and Northern Germany. Xanihojtsis Ihtfourii, 
A. Milne- Kdw., Eocene; Plar/iolophm WfOtertllii, Bell, Xanthilitts 
(1 species), Xerraziug Bomerbankii, A. Milne-Edw., A’tfi?YAoyAsi«(with 

4 8p(;cie8) — all from Ihe J^ondon Clay of She[»jK*y ; also 5 species of 
XanlhrpHU and I of Xantheliles from the Nuinmulitic of Bavaria, of 
France, and Germany. Etieus, sp., is from the Nuramulitic of the 
Lundes, France. 

Palif ocarpillus has G sj^ecies, found in the Eocene of Kressen- 
berg, the Nummulitic of Verona, of J>ax and the Gironde, and the 
Calcaire Grossier near Baris. JJarpadocaremtut has 8 species from 
the Nummulitic of Italy, France, Hpain, and New Zealand; and 
the genus Xepiunus, with 8 species, comes from the Nummulitic of 
the Vicentino, of Sassari, and Montpellier, from the Miocene of 
Kutch, India, and from Malta. 

Podophihahnus has only a single species, from the Tertiary ; and 
Eifphax crastnt^ is known from the Nuramulitic of Aude, France. 

Eight siweies of Caiurr occur in the Eocene of France, and in 
the Miocene and Pliocene of Italy, etc. 

PhlycteaoiUs, with 2 species, is found in the Nummulitic of 
France, and one sfH'cies in the Miocene of the Vicentino. 

Eriphia »pinifrom is from the Quaternary of Nice ; Galena chicura 
from China ; Lohomtus eculptue is known from San Domingo ; PaUro- 
earpilius, with 2 species, occurs in the Miocene of Kutch, India. 

Aterpatis, sp., has been obtained from the Miocene of Malta and 
A. dubiue from that of Dax, Southern France. 

A crab w^hioh delights in a ver}' remarkable serrated front to 
his carapace and also enjoys the longest name extant — Lobocarcinus 
Paulino- Wartembunjeneis — occurs very abundantly in the Miocene 
beds of the Mokattam quarries near Cairo, £g}'pt. 

AcUra pereica is met with in the Newer Tertiary of the Isle of 
Kharu, near Bushire, Persian Gulf. 

Zozymue Deemaresti is found in the Quaternary of Eastern Asia 
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Those of the section Portunida met with in a fossil state 
comprise : — Careimts penmens from the Cretaceous, Peru, and 
C, imrtiai, subfossil, Jarrow Docks, Ncwcastlo-on-Tvne ; Portunites 
incertay Pell, London Clay, Sheppey, and PortuniteSy sp., Miocene, 
Malta ; Titanocarcitnis eerratifrot^Sy from the Cretaceous, Ciply, 
Belgium ; and five other s]HM?ies from the Nummulitic and Miocono 
of Itiily and France; Ctfawocarcintts antjustlfron^y Bittiior, Eocene, 
Schio; Gonittsoma fln/o/iio, Milne-Edw.. Nummulitic Limestone, Sal- 
cedon. Northern Italy, and Mniippe ( hanrinliy Upper Eocene, Noyon, 
France, t^ci/lla ^^ich^ilni from the Miocene of Anjou, and S, serruta, 
Miocene, Malta, Quaternary, Philippines, and also living in the seas 
of the East indies. GontMOhin antupta and Achflona ohtmu4t arc 
from the l'f»per Eocene of the Vieentino. Knoplottotits armatm 
comes from the Miocene of Monte Jlolca, and Pgitminocarcium 
Hrrlcurtii is fr<»m the Lower Koeetic of ^leaiix, France. Uhachisoma 
higpinoKa and A*, nhinata (H. Woodw.) are from the Lower Eocene 
of Portsmouth. 

The (Utomktopa have the front of the earnpaee Ixuit downwards 
and broader in front, often sulxjuadrute, but not rostrate. The 
epist(une is short, often almost linear. Here un* jdaeed the (lecar- 
einidu*, the (leypodidii*, the (irajmidie, and the Pinnotherida\ Jt is 
in this triho that we moot with some of tht‘ most active and vigilant 
running forms of (Vustiicca — the ‘ l.and-erahs,’ which iiihaltii tho 
warmer regions of the earth north and south of tho Fajuator, and 
are able to resjnre moist air w ith their gills on land, us etfectively us 
CVi/Mv^r, Pofphiugy and others, breathe oerated water in the sea. 

The swift-footed Sand-crabs {Onfpoda) are exclusively terrestrial 
animals, and ean scarcely live for a single day in wat<?r; in a much 
shorter period, indeed, if kept in the water, a state of complete 
relaxation occurs, and all voluntary movements cease. Members of 
this tribe are met with as far back as the Cretaceous period. 

In the Catometopa (represented by that interesting, active, and 
highly intelligent tribe the existing Land-crabs and Shore-crabs of 
subtropical regions) the fossil forms are not nearly so numerous as 
in the last division. 

Commencing with PwhpilumnnM Flttoni from the Greonsaud of 
Lyme Kegis, Dorset, and Lithophylax in the Chalk, we meet with 
Litoricola yluhrOy H. Woodw., and L, lUntatn in the Lower Eocene 
of Portsmouth (sec Quart. Jour n. Geol. Soc. vol. xxix. 1873, pi. ii.) ; 
(Edisoma amhigunruy in the lx>ndon Clay of 8hep|>ey ; and an 
undoubted Land-crab, Gamocypoda EdwardsU, H. Woodw., from 
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the Eocene of High Cliff, Hants. A PalctograpguM^ sp., is known 
from the Eocene of Northern Italy. Colpoca/rig hullata comes from 
the Nummiilitic of Switzerland, Codoma vigil from Vicenza, and 
C. taunicum from the Oligoccne of Germany ; Codoma rupeliense^ 
Btainior, from the Argile Kupelienne; C. hoUaiicum, Stolley, from 
HolsU'in. GaUnofais craasifroyis, G, GerviUeanvs^ G, pugtulogus^ 
are all from the Nummulitic of Italy and France; and G, Jlfar- 
chisom in from the Miocene of Sindo, India. Mioplax, sp., is from 
the Miocene of lladoboj, Austria. Telphuga specioga^ T. Quenstedtii^ 
and Gecarcinm punctatug are from the Miocene of Q^lningen ; 
GhjpUihoUut trigjnnoxus^ Macrophthahnns Latreillviy Af. emarginata, 
A/, incisa^ and a species of Gthutimug are from the Island of 
Hainan, wdu‘re they occur in the Quaternary deposits, and are 
collected largely for medicine by the Chiuose druggists, in whose 
pharmaco]KL‘ia they form an imi)ortani item as an antacid and for 
the cure of sores. 

I n this group of Land-crabs we have two genera and species in 
the Cretaceous, t(»n genera and eleven species in the Koeene and 
Oligoccne, and eight genera and nine species in Miocene and Newer 
Tertiary strata. 

Last year 1 invited your attention mainly to the state of our know- 
ledge of the earlier and simpler forms of (Vustacea inhabiting the 
l*altt‘OZoic seas, and jdneed in the great division of the Entomostkaca. 
1 roft^rred to the extinct Trilobita and the important advance in our 
knowledge of this group which vro owe to American palaeontologists. 
I spoke of the Mekostomata, including therein the Eurj'pteridu 
and Xiphosura — the former aquatic division being now’ entirely 
extinct, but having, no doubt, given origin, in its remote ancestry, 
to the terrestrial and air-breathing Scorpionida, which have come 
down from the Siluriau epoch to our time, apparently but little 
changed in structure — while the latter (the living Xiphosura, 
* King-crabs have even adhered, in both their general form and 
their aquatic mode of respiration and life, to their Palmozoic 
progenitors, 

I discussed the Palicozoic ‘ giant Pod-shrimps,’ Phyllocarida, 
placed heretofore with the general group of the Phyllopoda — now 
claimed as the direct ancestors of the modem Malacostraoa — but 
still represented by one living form, apparently but little changed, 
— the genus Xebalia. 

Of the other divisions of the Branchiopoda I said but little, nor 
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could 1 do justice to tlic Ostracoda and Copepoda, while as regards 
the Cirripedia, on which (Iharles Darwin laboured so long and 
exhaustively, I have been sileiit, because 1 found the whole subject 
of the Crustacea too largo for the tinio at my disposal. 

To-day I have attempted, in a very imperfect manner, to bring 
into the focus of my discourse a summary of the ft)ssil Malaco- 
straca, to which our modern Crustacea ch icily btdong. It is true 
that the eviilenc(‘s of the existence of tliis division ])rior to tho 
Mesozoic epoch are b\it few and scanty; nevertheless, even in Carbo- 
niferous times, if not in still earlier eons, wi‘ catch u gleam of tho 
light of the living life-forms (»f to-day, shini?ig clearly, though afar 
off, down the corridors of time, revealing ancestral forms, the ])roto- 
tj'pes of tliosc' wliieh peoph* so ahiindantly our modt»rn seas, proving 
that the living pn'srtit and tin' fur-di'^tant ])ast are indissolnhly 
linked ti»gethir, and tliat tlio stream of life has tlowed, from its 
parent >oure('. t hn-ugli all time, at tirst in titiy rills and nnirmuring 
8trcamh't>, y* t ever grouing stronger, ‘from running hroedis to 
rivers wi(h‘,' preying ever and for evt'r, onward, from the river to 
the s(‘a. 

As t»» th(‘ minut<‘ <letails of the c<»urse which tlu* evolution of 
Crustacean life has folh»wed in j)ast time>. can, in many cases, 
only infer, we cannot ahsoluttdy ]»ruvt‘ (»ur pr(k]>osition. 

Thus we have no doubt that th<^ lujuatic l'iury]»t<Tida gave rise 
to the lerrcxtrial Scorpioiiida, hut wo cannot show any direct 
evifleiicc, liecause we have and Sorjiio si«l(5 hy side in 

rpjHT Silurian roek>, hut the earlier ev(diit i<»Miiry history is still 
wanting. 

Again, AVAr///u-like forms are most probably ifi !lif5 direct lino of 
the ancestry of the modern M alacostraca, and in the Carhoniferous 
period we have ( V//o/rr«-like forms, whicli have doubtless been 
derived from Ct'riftiocaris and have given rise to liigli»*r Mahico- 
straca ; hut Macruraii and other forms of I'orlojdithalma an«l 
Kdriojdithalma were already in existence in the Itcvonian, Jirid 
both (.’umaceie and \ebaliu* continue to exi^t unchanged at tho 
present day. 

l/x)ked at broadly, however, the Crustacea shriw' the same? upward 
and onward development which marks other living forms whoae 
history cati be traced. I'he great extinct orders of Kurypterida and 
Trilobita have disappeared — the other Kniomostracan orders have 
survived, but they no longer occupy the whole field : with the close 
of Palaeozoic times the Malacostraca have develoj>ed in strength, and 
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now occupy the stage associated with the Tracheata proper, and the 
King-crabs and Scorpions, which latter, like the Ostracoda and 
Phyllopoda, arc survivals from a pre-Silurian age. 

Truly — 

'The old order changcth, yielding place to new.* 

My task is ended, and it now only remains my duty to efface 
myself officially, hut before doing so I should like to express to 
the Council and Officers, and to the 3‘Vllows generally, niy grateful 
sense of the honour which tliey conferred upon me when they ]>laced 
me ill this chair, and for the generous sui»port and friendly for- 
bearance which Uicy have extended towards me in the performance 
of my duties. In this matter 1 cannot fail to recall how greatly 1 
am indebted to the Secretaries and Treasurer, for the valuable 
assistunce and advice which 1 have at all received from them 

and from the ])ermanent staff of the Society, without whose aid 1 
could never have carried on the work devolving iijion me. 

In resigning the I’resuhuitiul chair to rny (‘sU'funod friend and 
successor, J)r. Henry Hicks, F.li.S., I feel tliat he is neither a 
stranger among us, nor inexjierienec'd, for has sei ved as your 
Secretary for three years ( I SlKt-ltl-Hli), und has moreover had 
many years’ oxi»erioDce on the Council of this Society. 

May he thoroughly enjoy, as I have done, the two chief 
pleasures of office — that, ol taking the chair and that of resigning it. 
Farewell. 
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February .HUh, ISJKI. 

Dr. Henry Hicks, F.H.S., Fresiileut, in the Chair. 

William (Jrifhth, Kst]., Waterloo Hotel, Aheryst witli. South 

ales ; .losfph (’oliii Fnimus Johnson. Ksq.. J.l*.. Adelaide, and 
('oiistitutional ( lu]>, I.onduii ; IVter HMcLareii. St. N'incenl 

Street, tilas;j:o\v ; and Edwin rerkins Uidley, Es(j., t» Hoad, 

Ipswich, wore elected Fellows of the S(M*i»‘ty. 

he List ot Donations to the Lihrarv was read. 

The tollnwin^ ciMninunicat ions wen* read : 

1. •On the Stru(tiir(‘ ot the 1‘lesiosaurian Skull.* Hy Charles W. 
Andrews, Es(|., ll.Sc., F.ti.S. 

'J. ‘On certain Oranopli} res, im)ditieil by tlu' Incorp(»ration of 
Oab)>ro Fraixnients, in Strath (Skyt*!.* Hy Allred Darker, Esc}., 
M.A.. F.ti.S. ((knnmunicated by jierinission of the Direetcir- 
Oenerui of H.M. Ocidogical Survey.) 

.*k ‘Observation'' on the (Jeoloj^y of the Nile Valley, am! on the 
Evidence (d’ the greater Volume of that Diver at a former Ih^riod * 
by Prof. K. Hull, M.A., EE.D., F.II.S., F.O.S. 

4. ‘The Fauna of tlie Keisley lainestoiK'. Part 1.' Pv F. l{. 
Cowper Peed. Es«j., H.A., F.O.S. 

The tollowin^; .'pef iiurus, maps, ami pilot o«rrajibs were e,\- 
hihited : — 

Cast of Skull of I^Usiomurm mm tUH, i>/uiha\ Ihiekland, e.xliihiU’d 
hy (\ W. Aiidre>ss, Fs(j., D Se., F.(PS,, in illustration of his jiaper. 

Specimens of Oranophyn-s from Strath (Skye), e.xliihited hv 
.Vlfred Hurker, Estp, M.A., F.ti.S., in illustration oi his paper. 

Fossils from the Keisley EimeHtoneof WCstmorehind, exhibited bv 
I'. K. Cuwjwr Peed, E'*(j., M..\., F.ti.S., in illustration (»f his jmper. 

Human Skull, found about t> feet beneath the surface, not far 
from the hanks of the ^^’ye, somewhat below Mm (dty (»f Ileroford, 
exhibited by the Pev. J. t>. Jjevari, F.ti.S. 

Geoloj^ieal Survey of Enj^Iund and Wales, N'ew Series, I -inch 
Map (S(jlkl and Drift) Sheet 1^4^, .N’ewjiort (.Mon.), hy .\. Strahan 
and W. (fihson, IMio, pre.seiited hy tint Direct or-tieneial of H.M. 
Geoloj^ical Survey. 

Photoj'raphs of Stratified Volcanic Ash at Taiitallon Castle, and 
of Boulders from the Bagshot District, etc., exhibited by Horace W. 
Monckton, Esq., F.jj.S., F.ti.S. 



cxx 


PR 0 CEEDING 8 OF THE GfiOLOQlCAL ftOCIETT. [May 1 896, 


March 11th, 189^5. 

Dr. ITknrv IIk k«, F.R.S., President, in the Chair. 

George C. J{(»nd, Esq., Aspley House, Nottingham; Sydney 
Fawns, Ksq., F.(’.S., 10 Onslow Gardens, S.W. ; and Dr. J. 
Shearson Ilyhind, .‘1 (Vipthall Ruildings, E.C., were elected Fellows 
of the Society. 

The List of Donations to the Eibrary was read. 

The Phksiuknt announced tliat, in connexion with the Hungarian 
Millennial I'lxhihition, a (’ongress of Mining and Geology would bo 
held at Jludapost on Septomher Ifoth and litith, 1 

TIjc following connnunications wen* read : — 

1. ‘()n an Alpine Nielc el-hearing S(Tpcniin(* with Fulgurites.’ 
Py Miss K. Aston. II. Sc. With I’etrographieal Notes hy Prof. T. 
(i. Ponney, LL.D., F.U.S., V.P.ti.S. 

2. ‘Tlie PIioc(‘n(‘ Glaciation, Pre-Glacial Valleys, and Lake Pasins 
of Suhalpine Switzerland : with a Xol(‘ on th(‘ Microscopic Strne- 
liirc of Tavayanaz Diahasii^ 'rufa.* Pv G. S. Du Piche Prdler, M.A 
Ph.J)., K.G.S., F (\S., A.I.M.l.i:., M.i.L.i:. 

P. * N(»tes eonceniiiig certain Linear Marks in a S<‘dinientar\ 
Rock.' Py Prof. J. E. Talniago, D.Sc., F.G.S. 

TliC following Npecinn'iis, photographs, and maps ^^ere ex- 
hibited : — 

Sjieciinens and iiiieroscope-s<*etions of .Mpine Niekrd-hearirjg 
Serpentine with Fulgurites, exliihitcd by Prof. 1\ (i. jionnev, D.Sia, 
F.R.S., V.P.G.S., ill illustration of the paper }»y Miss ]•;. A>t(>n and 
liimself. 

Specdineiis, photographs, and inicr(»seope-seetion, exliihit^'d hy 
C. S. Du Rielu' Preller, M.A., I’h.D., F.ti.S., in illustration of his 
paper. 

Specimens and photograyihs of Janear Marks in an Argillaceous 
Sandstone, exhibited by I’rof. ,1. E. Talmago. D.Sc., E.G.S., in 
illustration of his pa]MT. 

Fossils from the Marino IVrmian of the Salt Range, India, 
exhibited by F. (i. Prook-Fox, Esij., F.G.S. 

And the following maps presented by the Austro-Hungarian 
Geological Survey ; — Geologisclu* Specialkarte der Umgebung von 
Wien, von Dionys Stur (in 0 sheets, scale ; (ioologische 

Karte dcr dstlichcn .\u8luufer der Karnischen unJ Julischen 
-Upen, von Friedrich Teller (in 4 sheets, seale ; and Geo- 
logische Karte von Olmiitz, von Emil Tietze (scale --7^). 
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7. A Dklijcitatiow of the CRSoMAyiAN : — being a Compaktsow of the 
CoRRKSPoyuiNa Bkd8 in Stirxa-wESTKRy England and Western 
France. By A. J. Jckes-Brownb, Esq., B.A., F.O.S., and 
William Hill, Esq., F.G.S. (Read January 8th, 1896.) 

[Plate V.] 
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HI. A Study of the Cliffs between Capo La lltHo and Brunval ... 115 
IV'. A Correlation of the Cenomanian I)e|H»sits in the Calvados, 

Ctn»e, and Sarthe 126 

V. The Minute Structure of some of the Ihnls in England and 

France L'JO 

TI. Criticvil Remarks on some of the Fossils 142 

Vll, Lists of (Vnomanian F<issilH found in Devon and in 

Normandy ir>8 

VIIL Summary and Cojjclusions 170 

Diagrams facing 115, 114, IIH, 124, 172 

1. lIiHTOHicAL Introduction. 

Toe olqect of this paper is to compare tho buds which form tho 
lower iwirt of the Upi)er Cnd-acuous series in those parts of Western 
France and Western England which are iioare.st to one another. 
In England these beds are known by the names of (iauit, Upper 
Cireonsand, and Lower Chalk ; in France they are classed under 
d’Orbigny’s ‘ Albieii ’ and ‘ (VTiomanien ’ stages. It is well known 
that in l)oth countries the deposits referable to these groujis ohangu 
their lithological charact4T so greatly, in passing towards tho west 
and south-west, that different observers have formed different 
opinions in their attempts to correlate one area with another. 
Further, no geologist has y(?t endeavoured to make a careful com- 
parison of the French and English types ; hut it is only by such a 
comparison that tho true stratigraphical position of d'drbigny’s 
Cenomanicn stage can be determined, and that tho limits of this 
stage in areas outside tho typical Cenomanian district cun he fixed. 

The name ‘Cenoraanien ’ was introduced by d’Orbigny in 1847 
to designate the lower ])art of the series which he had previously 
called * Turonien,’ when he found that this lower portion contained 
a fauna essentially distinct from that of the upper part.* He 
then proposed to retain the name ‘ Turonicn * for tho upi>er part, 
and to adopt the name * Cenomanion ’ for the lower part, baking the 
name from Le Mans, in the Sartbe, the Cenomaaum of the Romans, and 

1 * Pal^oat Frarx^se : Terr. Cretace,’ vol. ir. p. 270. See also bis * Oours 
^l^raentaire de Pal^ntologie et de G^logie stratigrapbiques,’ 1852, voL ii« 
p.631. 
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regarding that district as the t 3 'pica] area of his new stage, because 
the deposits there were of considerable thickness and were rich in 
well-preserved fossils. 

Unfortunately d’Orbigny himself fell into error regarding the 
deposits which should be included in his Cenomanian stage in the 
"West of France. In the Harthe there are no Lower Cretaceous 
strata, neither are there any beds containing a typical Albien fauna, 
so it is not surprising that d'Orbigny included the bjisul clays and 
greensands in his Cenomanian ; but he also believed that his Albien 
stage was wanting near Havre, and that everything seen there 
above the Kimmeridge Clay was of Cenomanian age.’ 

This belief of d’Orhigny’s was doubtless one cause which retarded 
the progress of opinion res|>ectiiig the limits and components of the 
(’enomanian stage. Another cause is certainly to be found in the 
local and exct'ptional nature of the beds in the district which was 
chosen as the type, both os regards their lithological characters aud 
the UHsembluge of fossils that they contain. 

A study of what has been written by French geologists con- 
cerning the Cenomanian shows us that they have constantly found 
a difficulty in detemiining what beds in other parts of the country 
should rightly be regarded as the equivalents of the Cenomanian of 
the Sarthe. 

In |K*rusing the Vicomte d^Archiac's ‘ f tudes sur la Formation 
(Velam* ’ we have been struck by the general accuracy of bis 
correlations. He evidently bad a masterly grasp of the subject and 
a keen eye for the structure of a country, and for tracing definite 
horizons in a changeful group of beds. He anticipates d'Orbigny 
in separating the ‘groiipe de la cruie lufau ’ of Touraine and Anjou 
lYom his ‘ groupc du gres vert,’ and l.e divides each of these groups 
into three stages. It is possible that he made some mistakes in the 
determination of his fossils, but the grouj)ing of his beds a}q)ear 8 
to be more correct, stratigraphically, than the groujiing adopted 
by d*()rbigny in his ‘Cours tiementaire de Pal. et de (ieol. strati- 
graphiques’ of 1852. Certainly the comparisons made in his rapid 
traverse of the Sarthe, Ornc, and Calvados are very correct, and wo 
think that he laid a sufiiciently accurate basis for a more detailed 
correlation of the Cenomanian de]»o 8 ita, if his successors had only 
wmrked along the same line«. and hud not depended so entirely on 
the minutim of palaeontological evidence. 

Unfortunately the lute Prof. Htd)ert, influenced probably by the 
statements of d'Orbigny, and struck by the differences between the 
Cenomanian faunas of Havre and of Le Mans, propounded the 
hypothesis that the greatt'r part of the Cenomanian of the Sarthe, 
or OriB du Maine, as he celled it, was newer than the ^ craie 
glauconieuse ’ of Havre, and that the former was a local deposit 
which was not represented by anything on the northern coast. 
This was combated and disproved by M. Guillier and M. G. Biaet, 
who showed that chalky beds containing Eotomagian fossils occurred 

* Cours ^l<Jiiientnire, etc.’ voL ii. pp. 619 & 035. 

* Mi^. Soc. Q 60 L Fi^oe, ser. 2, vol. ii. pp. 1-148 (1846), published 1847^ 
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in the midst of the Gres du Muine, and that the ‘ Rotomagicn * or 
Kouen Chalk is merely the chalky facies of the upper part of tho 
Cenomanian of tho Orne and Stirtho. This view has been accepted 
by Prof. A. de Lipparent and by the officers of the Service do ia 
Carte gtk)logitjiie de France. 

French geologists, however, have not reached tho end of the 
difficulties and controversies to which the local and isolated facies 
of their tyidciil (Vnoinanian has given rise. They are even now at 
variance with regard to the line of separation between the Albion 
and CVnomaniau stages. The Albion fauna of d’Orbigny was mainiy 
that of the Lower (iault ; tlie faiiiin of what we know as the Upper 
Gault and Jtlaekdown Itcds was by d't>rbigny included Jiartly in 
the Albion and i>arlly in the UeiKunaiiian. under the mistaken 
impression that our Jtlaokdown Jitds rejiresented a part of his 
Ccnmiianian. 

(iraclually. however, it beeame known that between the typical 
Albion and C<‘nomania!i tiiiinas there was a distinct zonal aHsetnblago 
in the VpiHT (iault of Wissant, in the (iai/e of the Ardennes, and in 
the Vraeoiinieii of the Jura. Tlie (question then antse as to wdiether 
lliis zone of in flatus should he included in the Alhien 

or in the (Vnoinanian, and on this question Frenc'h geologists differ 
to the present day, some thinking with Prof, de Laj>parent that it 
should hi* classed as ])art of the Alhien, others agreeing W'ith Prof, 
llehert and J>r. Parrois in regarding it as CVnomaniaii. 

Further, Dr. ParroisV researehes in Lngland and in the North- 
east of Franc<* disclosed the e.xisteiiee of beds containing Pertvn 
(tsfn r hctw<*en the zone of Aminnnites iajiatus and tlie liase of the 
Chalk in those regions. Now IWU u asjar is a eommoii shell in the 
Cenomanian of the Sari he, and conM cpiently French geologists are all 
of opinion that the true Cenomanian contains an equivaU'iit of this 
zone of JWtni asper. 

In England, as Dr, Parrois has shown, the Upper (ireensiind of 
AViltshire, llariipshire, and Dorset may he divided into two zoiu's, 
the lower being his zone of Antinonifcs lajlatns^ the upper being his 
zone of JWtrn asjter^ W'hieh ineludes the ehert-lH^ds and green Hands 
of Warminster and other plsutes. The result of French investi- 
gation, therefore, has been to tell us that our Hulxlivisions into 
Gault, Upper Greensand, and Lowxt Chalk do not tally in any way 
with their Albion and Cenomanian stages, and tluit if wo wished 
to adopt the LVench nomenclature we should have to draw a hard- 
and-fast line in the middle of our Upper Greerihand. 

Having ihuH briefly indicated tho history of French opinion, and 
mentioned the difficultica W'hieh have ariHcn in compuririg the 
sections on each side of the Channel w'ith the beds in tho area 
which was selected as the typical facies of tho Cenomanian stage, 
let us now' as briefly indicate tho progress of English studies in the 
same field. 

' It is to William Smith that we owe the nomenclature and 
primar}' classification of the English Cretaceous strata : ho found 
in Wiitshire and elsewhere a succession of (1) clay, (2) and, 
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and (3) chalk, to which he gave the simple names of (1) The Gault, 
(2) Greensand, and (3) The Chalk. His Chalk was subsequently 
divided first into Lower and Upper, and more recently into Lower, 
Middle, and Upper. For a long time the Gault and Upper Green- 
sand were regarded as distinct formations or stages, but the 
tendency of modern opinion has been to consider them as different 
lithological ]>hases of one formation or stage, and we have no doubt 
that a n(;w name will have to be found for this combined Gault>and- 
Greensand stage. 

The work of English geologists has tlicreforo tended to consolidate 
the Gault and Greensand, and to separate them as a whole from the 
overlying Lower Chalk, which has generally a bed of glauconitic 
marl at its base, and is often marked off from the Upper Greensand 
by a very clear plane of division. The fossil assemblages agree 
with this method of classification, and no modern English geologist 
would imagine that a more natural division could l>e made by 
grouping a j)art of the Upper Greensand with the Lower Chalk. 

This being so, it has for some time seemed odd to us that a 
different line of division should he taken by French geologists, and 
the question occurred to one of us whether they were fully justified 
in correlating the beds wdiich they group as (/(^nomanian. This idea 
was greatly strengthened by a recent examination of the Devon 
coast-sections where the Upper Greensand is wtII developed, but 
the ]>ower Chalk is represented by a peculiar sot of arenaceous beds 
which differ from anything else in England. The fauna of these 
bods is also peculiar. It includes I*ecten and many s|>ecie8 which 
in England are only found in the Upper (ire(*nsand, others which are 
proper to the J^ower ('balk, and some which have only hitherto 
been found in France. Both of us were struck with the similarity 
of this fauna to that of the French Cenomanian. 

Having thus obtained w’hat promised to be a key to the diflSculty — 
for if Pecini asper occurred in u representative of the Lower Chalk 
in England, it might do so also in France — we proceeded to enquire 
how far this occurrence of I\ asper might be responsible for the 
supposed necessity of grouping the Greensand zone of P, a^per in the 
Cenomauian stage. Wo found that the succession of beds in the 
department of the Sarthe had been carefully worked out,* that the 
similar series i» the Orne hud been examined and d^escribed by 
M. Bizet, of Bolleine, and that the Havre and llouen sections had 
l)een described by Prof. Ht’*bert, M. Lennicr, and others, but that 
little or nothing w'os known about the intervening area in the 
Calvados. So far as we could learn, no one had puldished any 
detailed comparison of the succession in the Orne and Sarthe with 
the sec^tions near Havre, and consequently it was uncertain how far 
south the Gault extended, and whether the base of the Cenomanian 
in the Orne and Sarthe corresponded with any definite horizon at 
Cape La Heve. This wont of continuous stratigraphieal information 
certainly seemed to leave much to be desired iu the way of evideuce, 


^ See Guillier's * G^logie de la Sarthe.' 
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and suggested that more accurate views might be obtained by an 
investigation of some of the principal exposures along a traverse 
from the coast in the direction of Lisieux, Vim ou tiers, and Mortagne. 

In planning out the route of this traverse we owe thanks to 
M. 0. F. Doiifus, of Paris, and M. Bizet, of Bollemo, for advice 
and information regarding the best localities to visit. The cliffs 
between Caj)e La Heve and Etretat were first studied in detail, and 
subseiiucntly two excursions were made to localities in the Calvados 
and Ornc, between Hontleur and Mortagne. 

— It should be mentioned tliat the examination of the 
French sections was acconiplisluHl entirely by Mr. Hill, and that the 
exposures in the (hilvados had to )>o discovered without guidance, 
except so far as the outcrops were shown on the sheets of the Carte 
geologic jue detailhv de la France. The Devon coast-sections were 
worked out by myself in IMM for the tioological Survey, and the 
Director-General kindly jiorraits us to publish some of the infor- 
mation then obtained. — A. J. J.-B.J 

In arranging our descript ive notes for eomjmriHon we have thought 
it best to j>lace the English sections first, biTuuse this ]uirt of the 
Cretaceous series is much more complete, more t'recpiently exj>osed 
in -coast-sections, and more clearly divisible into t wo (listinct portions 
or stages than it is in France. Consequently we feel justified in 
taking the English succession us a standard, and in endeavouring to 
bring the French succession into accord with ours. We believe 
that we have succeeded in doing this, and that ns a result wo shall 
have 8Up])licd French geologists w ith a b(^ttor and more definite base- 
line for their Cenomanian stage. VVe think that th(^ ]>reseTit state 
of confusion luis arisen from t heir having adopted un opposite course, 
for they have taken a local and iiic<nnpleU^ set of beds as a standard, 
and have tried to fit the more ruirmal and compbde succession 
with this unsuitable ty|ie. It is just as if w(5 had biken the Devon 
type of these two stagt^s as a standard, and had endeavoured to 
Cfirrelute the Gault and Low'er Chalk of Folkestone with that local 
and jKJCuliur type — wdtbout studying the intervening exposures, 

II. A BRIEF Description of somk Sections on the South 
Coast of Enolanj). 

The sections which most clearly exhibit the relationship of the 
Gault, U pper Greensand, and Ixiwer Chalk are those on the coasts 
of the Isle of Wight, Dorset, and Devon. 

1. Isle of Wight. 

The stratigraphic succession of these groups in the Isle of Wight 
is fairly well known on both sides of the Channel, to the French 
from the writings of Dr. Barrois, and to us from those and from 
the second edition of the (ieological Survey memoir on the island ; 
BO that we need only call attention to such points as have a 
special bearing on our present purpose. 
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In the first place, it is worthy of note that all the component 
members of the Cretaceous system are thicker here than at any 
other place along the south coast. Taking the Gault and Upper 
Greensand together, they have a thickness of 270 feet at Gore Cliff 
and of about 2.‘50 at Compton Bay, while the Lower Chalk is 200 
feet thick near Culver Point, and is probably but little less at 
Compton Bay. 

Ill the next place, no hard-and-fast line can possibly be drawn 
between the Gault and Upper (ireeiisand ; there are a set of passage- 
beds, sandy micaceous clays, which have been referred to the Gault 
by some authors and to the Greensand by others. As Ammonites 
rostratm was obtained from these sandy clays by the Survey fossil- 
collector, it w^ould api)ear that they belong to the same zone as the 
overlying micaceous sands, and should not be referred to the Lower 
Gault. 

Whether those passage-bods bo included in Gault or in Greensand, 
it is e(|ua]ly imjiossible to take a definite base-line for the zone of 
Ammonilen rostratas. There is the some kind of jiassage in other 
])aris of pjiiglarid, and so long as the Amm, m^Mf-bods are 
regarded merely as a zonal sulsli vision of the (laiilt-and-Greensand 
group there is nothing surprising in it. Dr. Barrois has taken the base 
of the yellow sands near Veninor as the base of the Cenomanian stage 
in England,’ but the bed of sandstone which there forms a convenient 
base-line has not been detected in other jiarts of the island. His 
endeavour to fix t he base of the zone of Amm. rosiraf^is and to make 
it the base of an English (Nuiomaniun is no doubt a logical application 
of the classification which ho Imd adojded for the beds in the East of 
France, hut wo think that arrangement was founded on a mistaken 
view' of the chronological value of the ty}»ieal Cenomanian of 
Maine and Nornmiidy, a view’ which may he traced to the erroneous 
C irrelatituis of Prof. Hebert. 

The next point for consideration is the junction of the zone 
of AmmoniU’8 rostmtus W'ith that of Picten aifper. This is of 
importance because some French geologi.sts. not ably Prof. del.^j)parent, 
are prepared to throw the former into the Alhien and to take the 
latter as commencing the Cenomanian. In the Isle of Wight, 
how’evor, there is no break or great change of fauna at this horizon : 
the chert-beds iin^ mere h»cal deposits of organic silica (sponge- 
spicules), and PecUn ftsjfer occurs Mow as well as above them. 
No English geologist w'ould think it natural to detach these beds 
from the Greensand and to group them with the I^wer Chalk. 

AfVhon wo come to the junction of Chalk and Greensand, however, 
the case is different. Even here there is a passage and no sharp 
line of demarcation, but the passage is very rapid and it coincides 
with a great change in the fauna. Above the highest layer of 
cherts there are tw’o bods which we should group with the Upper 
Greensand, and the uppermost of these passes into what we regard 
as the true Chloritic Marl or basement- bed of the Chalk. The 

^ ' Beoherchet sur le Terrain Or^t. Sup. de rAngleterre et de ITrlande/ Lilian 
1870. 
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following section was taken hy one of us in 1880 from the slipped 
mass at Colli os Point, near Veutnor : — 


CUALK. 


Upper 


F«6t, 

I B. Chalk Marl wit)i noattcml gUiioonitic grains near the 

I ba»e, Ammotiift,* vuriaMn aiu) Pfcten Hmvrri 5 

I 5. Oreenish-bufT glauoonitio marl full of fottsils and phos- 

I plmtio iukIuIps, Ammonitnf I'nriaft*^ etc 3} 

4. Coiniwct. dark giwn, nandy inurl, with quarts and 

glaucimit.4\ but few fosaiU or phoHphalio nodules 

I 3 . A layer eneloetu^ lumps of ealotireous sandst.onc partially 
phosphatize<l, irregular pitKX's of dark phospliate and 

broken IWtcn aitf»rr about 0| 

2. Yellowish-gretMi sand mottled with darker green ; yields 
iV<7ra orhictiIuri»^ Ostrra vtnienU^a^ and Pn'ten n»/»er. 2 
1. Continuous Inver <>f dnrk-grey eherty ntone with eum)Mu*t 
^ green sand btdow, mnni lor 5 


Tho material of 2 possos into that of 4 between the lumps of 
phosphatized stone in 'A. At Niton A and 4 form a kind of bonldor- 
bed full of such lump.H, with ])hoH]ihatiz(*d sponges, Cardiattter fomirius^ 
PtcUn a^pv.r^ Terehratrlla and other fossils, but without any 

Ammonitr^. The Chloritic Marl (5), on tho other hand, might bo 
called a * Cephalopoda Jled,* so abundant ant ammonitos of the 
8|>ecie8 variatis^ Coupti^ and Mantelli^ with Turrilittx t ithrrculatuB 
and MorrUii, It is also charaeterized hy tlu' reniarkablo siliceous 
8{>ongo Siitanmfma Carteri (Sollns), which has not yet boon found 
below this horizon, nor far above it. 

As one of us sptmt a week in 18S0 for tho purpose of examining 
these beds at tho base of the Chalk, and aftt^rwards ongagf*d tho 
services of Mr. M. Norman, of Veutnor, in collecting (carefully from 
them, it seems desirable to give Uie list of fossils thfin obtained, 
in order to show the difference of the faunas. In this list the 
numbers above the columns indicate the beds us numbered in tho 
section just diiscriliod : — 


3 , 4 . 


j PoniPBKA (SpO.NOKM). 

i flalirrhoa arfariciformu (phuBphuti 2 (*d).. 
j J*fiKOfiCj!//*hia (af/rona^ Smith ^ photiphnt.szi 

' Jrrm Wehxffri 

I Siphmia i phosphatizi^l) 

; Htauranoiia Carteri^ Sollaa 

A(TIS0Z0A. 

Micrahacia coronula, Guidf. 

Eciiinodekmata and A.'c.^»:uda. 

fotnariu$, Benett .. 

i<Ua stihurula, Lesko 

Hemiaster Morrmi, Forbes 

HoUuttr l<tvU, var. carinatut .. 

Serpula, sp. 


' I, Sow, 
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Table continued. 



2. 

3,4. 

5. 

BfuentopoDA. 





Megerlia {Kingena) lima, Defr 



. 

» 

Ter^frateila pectita, Sow 


1 


» 

Terehratulina striata, Wahl 




« 

Terelautula biplicata. Sow i 

... 

4 


« 

„ umigloboaa (?), 8<iw 

... 

.. 

• 

* 

Jihynchmella Greutiana, d’Orb 



• 

« 

„ Mantelliana, Sow 


•• 



LAMKLLIBRAROrilATA. 





Anomia, «p 





Ostrea veaicularis, Lam 

« 



# 

„ vesiculosa, Sow 

» 

« 


n 

„ carinata, var. from, Park 

Plicaiula pectenoides. Sow 

... 



ft 

« 

« 


ft 

„ injlata, Sow 

« 

, 


ft 

Pecten asprr, Jjam 

* 

1 


••• 

„ Galliennii, d’Orb 

« 



... 

„ orbicularis. Sow 


4 


ft 

„ sp. nov. (allied to Jiasicosta, Eth.) 

• • . 

4 

1 

... 

Janira guadricoatata. Sow 

* 



• •• 

„ quinquecoafata. Sow 

... 

• 

ft 

lAma giohoaa. Sow I 

1 « 



ft 

Cardium hillanum (?), Sow 1 




• 

Area Afailleana, d’Orb 

1 



ft 

„ oheaa (?), Piet. A Roux 

i .*!! 



* 

Craaaafella, sp. (oasis) 

i 



ft 

Cardita tenuicoata (?), Sow 

, 



ft 

Cgprina quadrata, d’Orb 

... 

• 


ft 

Gasteropoda. 





Avellana cassia (?), d’Orb 




». 

' 




! ** 

Pleurotomuria li/nHiani, d’Orb 


* 

! * 

Solarium ortuitum (?), ^w 

I ... 

* 

ft 

CsriiALoroDA. 





Ammonites Mantelli, S<iw 




ft 

„ navii'ularis, Mant 

„ variam, Stiw 




ft 

ft 

„ „ var. Covpd, Brong 

Titrriliies Morrisii, Sbarpe 

! ••• 



ft 

ft 

,, tuberculatus, lioac 

Hamit ea armatus (?), ^w 

Nautilus subradiatus, d’Orb 

i 



ft 

i ... 


. 

ft 

ft 

„ ejepansus. Sow. 

i 


■ 

ft 


This list appears to show that it is Bed 5 only which contains the 
characteristic fossils of the Chloritic Marl, and that in passing from 
4 to 5 we cross the plane of division which separates two important 
faunas and two primary subdivisions or stages of the Upper Cre- 
taceous Series. There are of course some species, particularly of 
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lamellibraDchiaia, which pass from one stage to the other, but the 
sudden incoming of a new and varied set of cephalopoda is sufficient 
to mark off one fauna from the other. 

AVith respect to the Chalk Marl little need be said ; it consists of 
alternating soft and hard beds, and the most abundant cephalopoda 
hre Ammonites MantelU^ Amm, tutvicularis^ Amni, varianSy Tui^Hlites 
costatus j T. ScJieuchzerianuSf T, tuUt^culntus, Baculite* haculoUUs^ 
and JScaphites ceqitolis. 

The higher jmrt of the T^wer Chalk is massive, white, and 
comparatively unl’ossiliferous, but at the top is a band of grey marl 
(zone of Belemnittlla j^lcna). 


2 , Dorset. 

In Dorset l)oth the stfiges above deHcribiMl — i. r. (1) the combined 
Gault and Greensand, (2) the l-ower Chalk — are much thinner than 
in the Isle of Wight. Tl»o Gault^and-tireenHiind stage averages 
from 140 to 100 feet thick, but, insU^ad of bwoniing steadily thinner 
to the west, the minimum thickness seems to be at Whitenose, near 
Weymouth, and in the extreme west of the county it swells out by 
the addition of sandy matter to about 200 feet. The liower (Uialk 
is al>out 140 feet thick near Swanago, hut thins to less than 40 at 
Lulworth and Whiteii(»8e ; whether it continues to thin towards the 
west is not known, as it is faulUsl out for a considerable distance 
and dot^s not appear in the clilfs of West Dorset. 

The most easterly cliff-section is at liallard Hole or Vunfiekl 
Cove near Swanage. This was well described in 1H7() ' by Mr. li. G, 
Fordhum, and, checking bis account by Mr. Strahan’s more recent 
measurements,^ we have the following seijutuice : — 

Section at Ballard Hole, „ . 

Fset, 

^UufTcolouml marl (awme of Itrlvmnifrlla plena) (» 

AltoriiMtioTiH (»f hard whitish ('balk iind U^orH of gr«v marl. H-1 

I ^'«*ll(>wiHh siind^' chalk with plKiHjihutr-niKlulcH (?;<l 

i WliOcr chalk with a hard bed at the baiw* full of lira- 
Low*r Ciiai.k J chuditcH [Jdw’Oifct/pfiia) and some phosphates 13 

143 tcet. I Marly chalk, in altoriiatiug white ana grvy beds passing 

down iribj the next 00 

Qlauconitic marl with fossils and pluMphate • ikkIuIcs, 
Amnurnitee variam, Straphittn afjualut, Holanttr sm/»- 

^ pUdiOKU9^ etc, (Chloritic Marl) 4 

^Nodular sandstone, consisting of irregular luinpH of cai> 
careous sandstone ombedtled in gremiish sand, Pecten 

cutjter^ P. orlncularu^ (Jstrea vatiouloM 5 

Greenish sand with cxx^sional calcareous concretions 4 

Green sand without calcarfous nrahiles. but with scattered 

fragments of brown phosidjate, Amm. roniratus 17 

Two layers of greenish sandstone with dark green sand 

between them 5 

Bluish sandy clay with three stone-beds, one at the base ; 
Amm(mifei roatratm, Vuculleea glalrra, 77ielu Howtrlryi^ 

Area carinata, and Vermicular la concava 40 

OirLT.—Blue sandy clay passing down into stiffer clay ('0 ^ 


• IT ppr.R 
Grf.e.nsand,’ ( 
71 feet . 


* Proc. Geol. Assoc. toI. ir. p. 5CM5. 

* QeoL Surr. Mem. * Geology of the Isle of Wight,* 2iid ed. 1889, p. 66* 
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How much of the Lower Chalk should be regarded as belonging 
to the zone of Am^noniiea varians is doubtful, but it probably 
includes the sandy chalk with phosphates, and this would make a 
thickness of b\i feet. 

It is especially noteworthy that there can be no doubt where the 
line between Chalk and Greensand should be drawn in this section. 
Hero everyone has taken the same horizon, for there is no passage 
as in the Isle of Wight, but an abrupt change or break at the base 
of the Chloritic Marl, which rests on an irregular surface of the 
underlying sandstone as if a certain amount of current-erosion had 
taken place before its de|>osition. 

The nodular sandstone is clearly the equivalent of the beds which 
contain similar concretions and the same fossils in the Isle of Wight, 
but the chert-beds are absent; as, however, they are only 13 feet 
thick at Compton Lay according to Mr. Strahan, it is not surprising 
to find them absent hero. They are in fact a local and variable set 
of beds, and aro absent over a large part of Dorset, though where 
present they always come in at the same horizon, and, as we shall 
presently see, they set in again a little farther west. 

At llallard lloh* Pecten anper has only bcion found in the nodular 
sandstone, but as the sandy material of this bed pusses down into 
the greensand below it is impossible to say how much should be 
included in this zone. There is in fact a complete passage down 
into sand that contains Anummite^t rostrutiitt. 

As in the Islo of Wight, ditterent observers have drawn the line 
betw'een Greensand and Gault at different horizons. Mr. Fordham 
takes the Up|Kir Greensand dowm to the lowest stone bed aiid thus 
gives a thickness of 71 feet to this division. Mr. Strahan draw's 
the line higher up, assigning only 45 feet to the Greensand and 
1 lU to the Gault. Neither have attempt-ed a division into zones, and 
wo do not yet know how much of this thickness should be assigned 
to the zone of AiAmonites rust rat and how' much to those of 
A. lautus and A. interrupt as \ it is not probable, however, that 
the division into zones would coincide with either of tho lines taken 
to separate Gault from Greensand. 

The next fairly complete and accessible section is at Lulworth. 
The Lower Chalk was measured here by one of us in 18U2, and 
found to bo only 38 feet thi<-k, a remarkable diminution of thickness. 
Dr. Barrois gave a detailed account of the Greensand |>ortion in 
187(5,* and Mr. Meyer has kindly supplied us with a note on the 
beds at the junction of the Chalk aud (ireensand. Combining these 
sources of information, we have the following sequence ; — 

^ * BecliercLes sur le Terr. CrCt. Sup^rieur, etc.,’ p. 89. 
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Section at Lulworth Cove^ 


Feet. 


/'Soft, greenish, buflf-ooloured marl (tone of Bei. plena) 0 

I White chalk in regular botls, divided by thin si^iuh of marl 10 
Lowsb Chalk. <{ Soft, whitish ohnlk. blorky and not bedded, enclosing 

I siliceous nodules or flints 12 

^ Glaiu'onitiu chalk with phosphatie nodules 4 

/ilard, nodular, cideareous sandstone (1 foot), passing 
I down into similar but more sandy and eveuiy-boddea 

ZoxK or ! rock ; many fossils 8 

PctTK?! A8PER. ; Sand with two or more layers of chert 6 

I Marly greensand with stnall pliospliatio nodules, Pecten 

^ and many other fossils 7 

( Oretmsand with btHis of calt*artH>us sandst.iUie 14 

Greenish sand with an oyster-lK*d 10 feet down and a layer 

of fossih ferous ooneretions at the l»aw> IG 

j Grey mieaeeous sands with two layers of grt'y sandstone : 


ZoKF. OP Am. 
Host HAT IS. 


Vi 


cuittria concaiti 44 


Gault. 


I Illack sandy clay, seen for l.*> 

[ Dark blue clays (•'') 


In this section a noteworthy point is the occurrenco of Giiits in 
the Lower Chalk. These tiints do not diseiigjigi^ themselves like 
oniinury chalk-tliiits, but have more reseinlilanee to tlie siliceous 
concretions which occur in the l.*ower Chalk of Wiltshire.* They 
are enveloped in a thick coat of white siliceous chalk, which often 
BtMTiis to pass inward into grey or black flint attd outward into the 
pure chalk. Tlie amount of coinphdely silicifled matter or flint 
varies greatly, being sometimes a fairly large mass and soinelimos 
a mere nucleus, and some concretions hav<* none at. all. 

These flints also occur at Whiteiiose and in many other parts of 
West Dorset, and we call especial alleiiliun to them, both hecuuso 
the idea that real flints do not occur in l..ower (’hjilk is still current 
in some quart(^rs, and because siliceous concretions of the nature of 
cherts occur in the Cenomanian <*f Normandy. 

Lithologically there is nothing at lad worth wdiich can 1 k) called 
Chalk Marl, but, as Dr. Jlurrois records Amnumitee vnrians and 
Ithpnchontlla MantelUana from these beds at Uingstead Lay, they 
may represent part of the ('halk Marl. Whether the ImsemcriUhed 
with its phosphate-nodules represent the true Chloritic Marl or 
N/ownmfmrt-hed we think very doubtful ; more probably it should 
lio regarded as a condeusod equivalent of the lower part of the 
Chalk Marl. 

The junction of Chalk and Greensand is even more abrupt and 
well marked than at Punfield, the base of the glaucofiitic chalk 
resting on an uneven and curreijt- washed surface of the underlying 
sandstone. The upfierraost foot of this sandstone, moreover, is 
rough, nodular, and more calcified thau the part below, as if it had 
been exfKised to some alterative influences before the deposition 
of the overlying chalk. 

The zone of Pecten asjyer is well marked ; the chert-beds are 
coming in again, and, with a marly greensand below, in which 
Pr. Barrois also found P. aaitcr, give the zone a thickness of 20 feet. 


* See Quart. Jounu Geol. Soq voL zlv. (18S9; p. 403. 
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But, with the exception of a rare specimen of AmmoniteB ManteUi^ 
the Chalk Marl cephalopoda do not descend below the base of the 
Chalk. 

The section at Whitenose appears to be similar to that at Lul- 
worth, but thence westward there is no cliff-section of Cretaceous 
rocks for a long distance. Inland exposures as far west as Brid- 
port. show a secjucnce like that of Lulworth ; the Lower Chalk is as 
thick or thicker, and has the same fossiliferous nodule-bed at the 
base. 

Between this district and Pinhay, near Lyme Regis, a distance 
of about 14 miles, the whole of the Chalk has been removed by 
Tertiary’ erosion, but sections of the Gault and Greensand show 
that this lower stage attained a thickness of nearly 200 feet in the 
extreme oast of Dorset. 

3. Devon. 

We now come to Devon, where the Greensand attains a great 
thickness, and the representative of the Lower Chalk differs as 
much from the ordinary English tyj)e as that does from the French 
Cenomanian. We have seen that in West Dorset the Lower Chalk 
is still chalk with a definite basal nodulo-bed. Where the Chalk 
comes in again below Pinhay, west of Lyme, the succession at the 
junction of Chalk and Upper Greensand is as follows ; — 

Section below Pinhay, 

Feet. In. 


'7. Hard, rougli, nodular chalk, with hntceramus mytihndea, 

Cardia^ter pyymti'UH, and Cidaris hirudo 1 9 

(p 0. Hard glauconitic chalk, with Inoyrnamis myfUouics and 

Cuhirin hirudo 1 9 

5. Bolter chalk, full of (piartz iind glauconite, with many 

phoaphute-iiodulcB ami derivetl fossils at the base... 0 9 

/ 4. Hartl, rough, quart ziferous liiiiestone with large grwu-cuated 

I luinpa, fusails not abundant. About ] 0 

M.-(3. Hard, couinact, shelly limestone, flne-griiined above, but 
coarse nun quartzose at the btise, which rests on an eroded 

surface of the bed beh^w 1 6 

2. Calciireous aandstoue with few fossils, indurated and calcified 

in the up])er part, softer below 8 0 

* 1. Ohert-beds, line sandstone with irregular concretions of 

chert, seen for 22 0 


These beds fail into three natural groups as bracketed, which we 
may for the present call G, M, T. 

Oroiip G is cloarl}’ the higher part of the Upper Greensand, and 
the calcareous sandstone occupies the place of the similar bed in 
Dorset. PecUn a$per has not been found in it, but the fossils which 
do occur are those of its Dorset oijuivalent. 

Group M , — All the beds above the calcareous sandstone are very 
variable in thickness. Nos. 3 and 4 are in one place less than a 
foot thick, but expand in a short distance to more than 3 feet. 
The lower bed oontains a mixture of fossils which are elsewhere 
characteristic of separate zones ^ some of the so-called * zone of 
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PecUn a 9 per^ such as P. aiper itself, P. GaUtennei^ aod 
carinniu9 ; some of the Lower Chalk, such as Ammonites varians^ 
A. Mante/lu and Sc/tjihifee arqualis; near the base, too, a peculiar 
large coralloid polyzoaii (Ceriojwra ramnlosa) is not uncommon. 
The upper bed has fewer fossils, but the same ammonites occur 
with, occasionally, ISc4ipliiUe (rtptalis. These two beds ore well 
marked off from those above and below, and may be culled the eone 
of Ammonites ManteUi, 

The upper surface of No. 4 is always a layer of brown phosphatio 
nodules ; thest* are now ‘ welded ' on to this bed, but the interstices 
between ttiem are filled with the material of the overlying bed. 
This bed, No. 5, is full of large grains of (juartz and glauconite, but 
has a chalky matrix, and is much more friahle than the bed below. 
Setting aside the dtTived phosphatie fossils, of which there are 
many, the commontst fossil in bed o is Rhnnchonelltt Wiestii^ a 
species which is closely allied to Wt, Cnrieri. With it aro 
found Hehmn.ielht phna and DiMConha cj/findriva^ so that, looking 
to the fossils, the bed would seem to he the eijuivalent of the 
Jitiemnlfelln-ttuirU of Dorset and other counties. Physically, how- 
ever, it is tiie base of the Middle (hulk or 'ruronian, for it passes 
up into the hard glauconitic chalk which contains only Turoniaii 
Bi>eciefl. 

As to the succeeding yollowdsh nodular chalk, there can b(' no 
doubt regarding its age; it has 8om<‘ rcseinhlance to tlie Melhourn 
Hock, and may he regarded as its e(juivalent. We think, therefore, 
that the Middle Chalk has here a hasement-hed of gritty glauconitic 
chalk, containing derived fossils, whi<!h bears the same relation to 
the Melhourn Uock as the haseinent-bed in Dorset does to tho 
Chalk Marl. 

If tho above inferences are correct, the only beds which can ho 
regarded as tlie equivalents of the I^wer Chalk in tins section are 
Nos. 3 and 4. Mr. C. J. A. Meyer saw these beds in IHllf), and at 
once recognized No. 3 as a union of tho 10 and 1 1 of his Jh*or 
Head section,’ No. 4 us his bed 12, and the overlying lieds as his 
13 and 14. Ho is now, however, prepared to agree with our cor- 
relation of these beds. 

Group M, the zone of Ammonites ManteUi^ can he followed above 
the landslips of tho coast-line between Lyme JUigis and .\xrnouth 
running out near the top of Haven Hill, above the mouth of the Axe. 

West of Seaton the Greensand and Chalk are brought in again 
by a fault and a syncline, an excellent Koction Ixfing exposed along 
the face of Whitecliff. The details of this will he given in tho 
Survey Memoir, and it is only necessary to notice here that the 
glauconitic chalk (No. 5) is absent, the hard nodular yellowish 
chalk (No. 0; resting directly on the zone of A. ManteUi, Tho 
latter, moreover, forms one massive bod from 2 to .3 feet thick, 
though careful examination shows that beds 3 and 4 enter into its 
composition. 

The Upper Greensand is about 160 feet thick, including a sandy 
^ Quart. Joum. Qeol. Soc. toL xxx. (1874) p. 309. 



{Scal^i 1 inch = 10 feei,) 



Djagrav showing the expansion of the Cenomanian 
OP Deyon at Beer Head and Hooken Cliff. 
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representatife of the Gault. The following is a ooodenaed view of 
the beds which compose this stage in Whitediff : — 

Peet. 


Hfird calcam)U« sandstone, few fossils 8 

Vellowish sand and sandstone, with numerous layers of chert ... 56 

Dark green s.nnd and hard glauconitic stone 4 

Green, grey, and purple sand, with layers and conorotions of hard 

calcareous sandstone 70 

Dark green argillaceous sand seen for 15 


m 


The beds at the junction of the Chalk and Greensand may he fol- 
lowed alonsr the foot of the magnificent rangc'of cliffs which extends 
from B(*er llarlmur to Beer Head, and near that licadlnnd the zone of 
Ammonitfft ManteUi can he seen to thiekt'n out rapidly, the thicken- 
ing being chiefly produced by the addition of material to it.s lower 
bed, till at Bet^r Head the wliole is about 14 feet thick, and is very 
clearly divisible into two parts or beds. The upper bed, 1?^ feet 
thick, is a rough quart /.if crons limestone with layers of green-coated 
nodules, and in it I/ofttstrr auhfffohogiiit is common ; tlm lower bed is 
in its higher ]uirt a hard shelly and gritty limestone, with IWten 
suhintfrMtnatiiSf J\ (Ut fifty Ammonitfjt MfnittUi, liJnitichondla 
dim'uliaia, PseudiHliaifriHa rnriofany and many otlier fossils ; in 
this higher part the grains of (|uartr and glaueonite are small, hut 
in the lower 5 feet the former are large and th<‘ rock heconn^s a 
rough and coarse calcareous grit, in which the most abundant fossil 
is the large, branching, coral-like C( noinmt rmmdnm, Tln^ plane of 
division between its base and the Upi)er Greensand below is well 
marked. 

These two beds include Mr. Meyers beds 10, 11, 12, hut there is 
no clear representative of liis IB, the glauconitic chalk or marly 
greensand, though there are patches and nests of such sand at the 
base of the overlying chalky limi^stone (Turonian). 

AVe now come to the place wdiere these beds attain tlieir greatest 
de^lo]»ment ; this is in the great Soutliern-down l.indslij*, and in 
the cliff from which itw^as detached, know n os Hooken (Jliff. Here 
the zone of Ammonites Mantdli is 24 feet thick, and the Buccession 
is as follows : — 


Tcrosias. 


ZOKE Of 

Amm. Mastelu. 


Upper Grees- 

SARO. 


''6. TIurfi, rough, nodular chalk, glaucraiitic al banc ... 

5. Gretmiiih, sandy, glauconitic marl, with a few brown 
phoHpliate-ruMliilcH in the lower part ; lihytu. hu- 

nella Htrntii, HHemnifella pUma, etc 

{ 4. Layer of browniah grecn-coatccl niKlulcit at top of 
liard, rough, nodular limesteme, nuMiitig down into 
white gritty limestone with HotatUer t‘/ ... 

3. Hard, rough, mxlular layer with plKitphatic matter, 
fiOMing down into hard ahelly and sandy 
•tone with Pectm tmjter and many other Voaaili ; 
the quartz-grains getting larger in the lower |iart, 
and the rock |jai»HiDg into a ooarae calcareous 

sandstone with * corals ’ 

1 2. ETCD-grained calcareous sandstone with few or no 
\ fossils 


Feet. 

7 

6 

6 


18 

? 
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The numbera aborc given correspond with those of the Pinhay 
section, and the w'hoie is, in fact, an expanded counterpart of that 
section (see p. 1 1:^). The upper surfaces both of 3 and 4 are more 
clearly marked, while the glauconitic chalk (No, 5), as near Lyme 
Kcgis, passes up into the hard rough nodular chalk above, which 
contains h'ihittcjrouint suhrofnndu^. It is a remarkable instance of 
the rapid changes which take place in these beds that this No. 5 
should he here h feet thick, though at Heer Head, only 400 yards 
away, it is represented merely by small nests of sand. 

We arc* alder to state that, as a result of revisiting this section in 
company wdth one of us, Mr. MeVer no longer maintains his corre- 
lation of liis hwls lO, 11,12 (our zone of Amui. Mautelfi) wdth the 
Wjirminster (ireensaml or with the Chloritic Marl, nor of his 13 
and 14 with the (’halk Marl. He had in K^74 j>enreived the clear 
linctN of deinarcutioii which exist at the tf*j) of his No. 0 and at the 
top of No. 12, and hc» now' agrec's with us that the beds so limited 
must repn^sent edther the* wlnde or a j»art of the Lowct C*halk. 

It is (piite possible that only a part of the* Ix)W'<*r Chalk is here rc'pre- 
sent(‘d ; f<*r, whcdln r we take be d o of our sc*ction to he the zone of 
Jirhmmirilit pinia or the base of the Middle Chalk, there is clearly 
a break l»et\vecn it and (he h<*d below, so that we may assume that 
there is n<»thing to represent that part of the Ix)wer Chalk which 
lies liotween the zone of AmtinmiUs varians and that of Belevini^ 
itlln plena, 

Whetlier material w*as deposited here and afterwards washed 
nw'ay by ciirreiit-cTc sioii, or wbc*tber no dej>osition t(u»k place in the 
interval, it is at present impossible to say, but for our present 
piirp<»se it is sutlicicnt that there is lien‘ an arenaceous representa- 
tive of the Chalk Marl containing im»st of the characteristic fossils 
of that marl mixed with a number of other species which are 
evidently shallow-water f(»nns, and these sp(*cies arc, as wo shall 
see, almost all found in (he Cenomanian of the Sarthe. 

(VmtirniHtion of our ix'ferenco of these bi-ds to the lower part of 
the Lower (’halk is found in the* neighbourhood of Chard and Chard- 
stock, the latter j)lace being only 11 miles north of Lyme Regis. 
The succession here has been accurately given by Mr, H. B. Wood- 
ward,' and so fur as the rp]>er (ireeiisand is coneenied it resembles 
that of the coast -section. The upper surface of the (Ireensand is a 
well-marked plane, ami upon it rests a hard quortziferous and glau- 
conitic chalk crowded with fossils : this passes up into softer 
glauconitic chalk, which rspidlv graduates into chalk w’ith few 
fossils. Of this w'hito chalk there is probably 30 or 40 feet, and 
there is some thickness of yellowish marl above it, all belonging to 
the Lower Chalk. 

The basement of this Lower Chalk has been called Chloritic 
Marl, and it has long been celebrated for the abundance and good 
preservation of its fossils. The assemblage, however, is rather that 
of the whole Chalk Marl than that of the Chloritic Marl of the Isle 
of Wight, and it also includes some of the rare and peculiar species 

^ * Geology of England and Wales/ 2nd ed. 1887, p. 302. 
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which occur in the quartuferous limestones of the coast. It is 
especially rich in ammonites, and nearly all the species occurring 
at Chard are found also in our coast -^ono of ManUlli^ as 

will be seen from the list given on p. 159. 

The relative thickness of the be<ls in the principal sections above 
descrilH'd is shown in the accompanying ‘ Tabular View.’ 


III. A SruDY OF TiiK Cliff'S bf.tween Catk La llkvE and Bkunval. 

The bold and almost unbroken line of clitls which form the 
French coast from Cape d’Aiitifer to Cape La llevo present a section 
of the Cretaet'ous senes from the higher zones of ttie Upper Chalk 
8tH*n at the tirst-named promontory to tlie yellow sands which 
form the bu'^enient-bt^d, and which can be seen overlying the 
Jurassic rocks at Cape La llevc. 

The general trend of these cliffs is alnnit N..\.K. and S.S.W,, 
but at tlu* inoutli of the Sane, after passing the lighthouses at 
Cape La Hev«% llie elitf turns to the south, making an obtuse angle 
to the general ct)ast-line. 

Ik'tweeii (’ape La He\c and St. Jouin, a distance of some I I 
miles, the strata are nearly horizontal, and tht‘ mo-ies seen are the 
bells from the base of the Cretaeeous series to an horizon ecjiiivuleiit 
to our (irey (’halk ; luii at St. Jouin the beds dip gra<iiially to tlio 
eastward, and the wlude series is brought down to sea-leveL 

The section has been well studied by many French gi'ohigists, 
notably by MM. Lesucur,' le Vieiunto irArohiac,'^ Hebert,’ do 
Lapparent,* and l/Minier,’ hut even their deseriptionH do not 
furnish a complete account of the whole .section, iior do they give 
full lists of the fossils found in the various beds. 

Moreover, since De. la Beebe's visit in 1^21,“ and Mr. Pratt's^ 
notice iu IJ^UT, no KngJish geologist seems to have studied this fine 
section. Those who have described English CVolaceous fossils seem 
to have taken it for granted that the Cenomanian of Normandy 
included representatives of both our Upper Cireensand and I^ower 
Chalk ; but, so far os we can ascertain, no one has hitherto atlempted 
to ascertain how much of this Cenomaniun wimld be rctgarded us 
the eijuivalcnt of the l.ower Chalk. This has h<H?n our endeavour, 
but before entering into details we give the general succession of 
the series below the Turunian, as seen in the cliffs. This is as 
follows in descending order, the grouping being that of M. Lennier 
and Prof, de Lapparent : — 

* * VuM et CoiipeK dcs Eitviruns du Havre*.' Paris, 1843. 

^ * £lude« etur ia Furmatiuu Crutucce/ Mem. due. Geoi. France, scr. 2 , fol. ii. 

D 

* Bull. Sr>c. O 60 I. France, ter. 2, vol. xxix. (J872), p. 440; idtt/. ter. 3, 
Tol. iii. ( 187.'») p. 512. 

* * Traill de Geol^ gie,' 2nd ed. 1887*, p. 1(J74. 

* Bull. 800 . G^l. Normandie, vol. vi. p. :W>. and vol. ix. p. 6C(1880Jc 1884;. 

* Troni. Geol. Soc. ter. 2, vol. i. pt. i. (1822; p. 73. 

^ Proc. Geol. Hoc. vol. ii. p. 540. 

a J. G. 8. No. 206. 
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Feet. 

fS. Firm greyish-white chalk, with layers of chert- 

I riodult>s so to 40 

7. Greyish glauconitic chalk, with cherts and hard 
calcareous concretions and many brown 

phusplmtic nodules in the lower part 10 to 11 

■{ 6. Greyish-white or yellowish chalk, with many 
layers of greyish-black chert. A bed of hard, 
grey, shelly, glauconitic chalk occurs in the 
middle at i^t. Jouin, but dies out westward ... 70 to 80 

I b. Bluish-grey, sandy, and Ten* glauconitic marl 
[ with many black pbosphatic ncnlules to 6 

1 4. Bluish-grey, sandy, glauconitic marl with layers 

of hard siliceous concretions 23 to 26 

3. Dark grey, nearly black, sandy, glauconitic 

clay w'itb pbosphatic ncnlules at the base 10 to 11 

? Apt kw / brown, jiebbly sandstone 15 to 16 

^ ' I 1. Fine, yellow, micaceous Baud 70 


Upper Ncocomian Sands — Aptien. 

The nandn which form the base of the Cretaceous serie-s at La 
Ht've are yellowish, fine, and micaceous, easily dug with the fingers, 
and veined or streaked with red-brown iron oxide, which frequently 
cements the grains t-ogetlier in thin platy pieces. Near the top are 
some concretionary masses of ironstone. 

Immediately overlying these sands, and sharply divided from them, 
is a bed of brown, ]»ebbly, sandy grit, closely resembling uncon- 
solidated (hirstono. Many fragments of fossil w’ood occur in it ; other 
fossil remains are rare, but M. l^mnier has obtained Ostrea a/juila 
and Ammonites MiUehanm,^ Like all the beds of the lower part of 
the Cretaceous series, it thins to the southward ; its thickness nearly 
a mile oast of Capo La lieve is 1(» feet, while at Ste. Adresso, south- 
W'ost of the headland, its thickness bus diminished to 1 1 feet. 

The sequence of these beds has been differently classified by 
French geologists at different times. 

The yellow micaceous sands and the brown pcbble-bed above 
t hem, Nt)s. 1 and 2 in our section, were first regarded by Prof, 
Ikdiert in ]v^72^ as * Neocomien su]»erieur,' which was his name for 
the Aptien of d’Orhigny. In however, he was inclined to 

range these sands with the (lault, because he hud found fragments 
of AmwoHitiS MiUttianus in the sands near Oct eville, and because 
M. Lennier had obtained fossils identified as Ammonites Delude 
Triijonia Fittoni^ and Aautihis Doucliarciianus from these sands at 
Havre, The two beds arc so exactly the counterpart of those at the 
summit of the I^ower Greensand in the Isle of Wight, and described 
in tlie Survey Memoir under the name of * Sand Hock Series ’ and 
* Carstone,’ that we cannot help thinking that Prof. Hebert’s first 
opinion was the correct one. Certainly it w’ould be strange for 
the species above mentioned to occur in an Aptien sand, but 
M. Lcnnicr informs us that be is by no means certain of the 
identification of these fossils. 

^ Recorded by Prof. Hi&bert, Bull. Soc. G^ol. France, ser. 3, vol. iii. (1875) 
P- 516. * Op. cU. ter. 2, toL xxii. p. 449. 
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The Gault and Upper Greensand — The Albien of 
M. de Lapparent. 

Above the coarse pebbly f?rit comes a dark, sandy, glauconitic 
clay, almost black when wet, which passes up into a sandy 
and glauconitic marl. This is the et|uivalent of our Gault and 
Greensand, the Gault and Gaize of French geologists ; there is no 
plane of division botwwn them, the one gradually passing up into the 
other. 

The lower part of this division can l)e conveniently seen near 
Sto. Adress('. ^ mile s(mth-wesi of the lighthouses, where the fol- 
lowing section was taken, in descending order : — 


( Dark bluisli-grcv, sandy, micaoeoiis, and glanconitio 

clay. for 7 feet 

Dark bhiinh-grt'V (nlmont bhick), sandy, and v»*rv glan- 
r J ciinitic cUiy. ('onlaining a few liglit-colourtHl plioa- 

^ I )diates (dark inU'rnally) 4 feet 

I Uwl <»f phnsphntic inKltilt»a.tHmlnina(l in a niixturo of 
tbo undfrlyinn ctiarse sand ami the glauronitic 

sandy tday atsua 0 inciies* 

I Coarse, bmwn, sandy grit contaiining pobblos as largo 

I as a btMin .T h'et. 

Amits. Ct)arst\ brown, sandy grit 8 

Soft gn*yis!i-yf*llow sand was himmi bolow this; the 
junction-btHl, howovor, was not attJiinahlo lo IH fwt 


The bed of light-cxdoured phosphate-nod nl(‘s intermingled with 
the l)ed btdow, the nodules often including small cjuarU and lydian- 
Btono pelddt‘8. 

The micaceons clay of the fiault passes up into a sandy, glancouitic, 
micaceous, and slightly calcareous marl containing small dogger-like 
concrotions, and as oru* follows it upward these concretions increase 
in importance and number, tind iinnliv <livi(le the dt'jxmit into courses. 
At the top of the division the doggers give place to definite beds in 
which silic;i seems to saturate the deposit, forming hard courses, 
which alternate with courses of softer marl. 

The following is a detaihal section through the Gaizo and Gault 
at a poiut nearly 1 mile east of the lighthouses on Cape JiU llevo : — 

Inches. 


CVilnritic Mnrl r«?c p. llfl) 0 0 

f Alt#*rnating lx*ds of blue-grey mnrl and tnulH of hard 

Hili' fxnia Htoa« 3 6 

Dark bhe-grey, sandv, glauconitic mnrl, containing 
dijggcm of hard Hiluvous stone, arranged rnopo or 

Gaizb less in la’ s 7 0 

or A double hoe of doggers, s»’r»aratcd by blue-grey, 

Vfpsr Windy marl ........ ... . 1 ft 

Orxeksavd. j Itlue-gr#»y. Hoftish, sandy marl 1 3 

j Dark blue-grey marl, with a line of large and well- 

I separatefl doggers 1 9 

Dark blue-grey marl, with small scattered dtiggers, 

arranged more or less in lines 11 Q 

^ I Very dark. nlifuM black, marly, glauconitic clay ; a 

* [ layer of jdiosphatie nodules at the base 10 0 

. f Coarse peboly bn»wn sand 16 0 

^ * \ Yellow micaceous sand 70 0 
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Like the pebbly sand, these beda diminish westward ; for 
just south of the lighthouses the thickness of Gault and Gaize is 
28 feet. M. Lennier gives the thickness of the Gault at Cauville, 
some G or 7 miles north-east of Ca})e La Meve, as 22-23 feet, and he 
divides it into three beds.^ Here therefore the combined thickness 
of Gault and Gaize is probably about 50 feet. 

Prof. Hcliert '*' was of opinion that no actual representative of the 
Gault occurs at La Heve. He refers to its existence at Cauville, 
and states that common Gault fossils were there abundant and well- 
preserved. He also admits its occurrence near Octeville, where 
‘the bed of conglomerate is covered by a blue clay without glau- 
conite, but containing many small pebbles of quartz and soptaria, 
W’ith Gault fossils.’ 

* At Cape La Hove,’ he says, ‘ this bed is only represented by a 
layer of septaria, of pebbles, of vegetable fragments, or of fossils 
of the Gault, washed by the waters which brought the glauconite, 
and remaniSs in the midst, and esj>eeially at the bottom of this 
dej) 08 it, in contact with the conglomerate.’ This appears to be a 
description of the basal nodule-bed ; these ‘ septaria ’ are doubt- 
less what we have called phosphate-nodules. 

Ho continues as follows: — ‘ Je range duns cette domiere assise 
(Craie glauconieuso)le8 argiles noiratres, tres glaucunieuses, avee lits 
siliceux intercales, (jui, an Cap La Heve, re])osent imraediateroent sur 
le poudingue Ostren mpnla and be gives the thickness of these 
beds as from It) to 2(t metres (?. f., 52 to GG feet), lliis great 
thickness suggests to us that J’rof. Hebert may have included in 
this division of the Craie glauconieuse ail the beds which have a 
blue-grey colour, for our measurements make them 52 to 56 feet. 
This view receives some confirmation from his further remarks, 
which are : — ‘ It is true that there occur in this series a certain 
number of Gault species, whose existence 1 do not deny, but these 
beds also yield a good number of the more characteristic species of 
the Craie glauconieuse: among Echinoderms, Kpiusfer cragfdssimus, 
Epiaster diatinctus^ Holagtrr suborfnndaHsy Cardiaster hicarxnatuM^ 
which abound, the last especially, in one of the siliceous beds ; 
among the Aeephala, Panoptf^a maudibuh^ Ostrea conicu^ ete. It is 
this lower series that 1 have designated by the names of the zone 
of J/olaster guborlncuUtrls and AmmomUs tnJUtixts* 

Of the echinodermata mentioned above we found only Epiaster 
ertusismmti, and that is common above bed 6. We did not find 
any below, and oven if they did occur we caunot regard that fact as 
very significant. There is no doubt that our bed 4 belongs to the 
zone of Amtnonite^ inflatus^ but both M. Lennier and Prof, de 
Lapparent exclude that zone from the Cenomanian ; and we are 
entirely of their opinion on this point. 

Being familiar with the lithological change which our Gault 
exhibits as it is traced w-estward, we see no reasf>n for consider- 
ing the Gault to be absent because the eJay which occupies its 

» Bull. Soc. GtJol. Norm, rol, ri. (1880) p. 368. 

* Bulk Soc. Q^oL France, ter. 3, vol. iii (1875) p. 516. 
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of Mliwomi conowtionary mMiei ; Rfvw 
bUok phocphotiM. 

Blniiih-ffrpy, T^ry gUuconitto. wuidy morU 
full of hard niliceoua oonorectoM ; tuM j 
liUck pho«|ih«tM. 

Boftiah, blat*-|pwy, glauconitic marl. 

Bliii*«irrry marl, with a marked line of 
doggert at the baa«. 


Upfrr 

Orrkxrard 

or 
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Gault 


or 
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1 0 


11 . 0 


10 . 0 
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/ 
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Darker blur-grpy, aandr, glauconitic marl, 
with iloggcra arrangi*d more or Icaa in 
linca 


Dark b)ue>grcy aandr marl, with two 
markrd linra of doggera. 

Dark hluc*grry, aoAiak, aandy marl. 

Line of largv doggera in Iduo-grey marl. 


Blue-irrr. sandy, and rather glanoonitic 
man, with small dogger* lika ooncre* 
tiona. 


Very dark, blue-grey, sandy marl; cf- 
ireni* ly glaiivouitiu and almost black 
at the baan. . 


Layer of light-grey phoaphataa. 



Apitab. 



Coarae. pebbly, sandy grit, similar to on- 
oonsolldatrd Carsioue. 


Bolt, yallow, mioaoaooa sand. 
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plac6 is full of glauconite. The lower 10 feet of this series is a 
material which resembles the Gault at Black Yen, near L 3 nne B^cis ; 
it is doubtless from this 10 feet and from the overlying 23 feet of 
less dark and slightly micaceous marl that the Gault species have 
been obtained. We have, indeed, obtained Ammoniten rostratuM (var.) 
and Ammonitfs auritvs from the upper beds in a large fallen mass 
at Cape La Heve. These higher beds we regard as the Gaize or 
zone of Ammonites injlatus^ the representative of the Cowstone beds 
at Black Yen, of the Malmstone, and of the grey micaceous sands 
which form the lower part of the Upper Greensand in Wiltshire and 
North Dorset. 

The Gault is poor in fossils, but we have found Pecten orbicularis 
and Exogyra conica just above the phosphates near Cape La H^ve. 
The following is a list of the fossils which we found in the upper 
beds (Gaize) at Cape La Hove and St. Jouin : — HoloJtter letvis^ Ostrea 
lateralis^ 0. vesicularis^ Avicula (near to llauliniana^ d'Orb.), 
Lucina Dupiniana^ Thetis Sowerhyi, Avellnna incrassaia{^f\ Qibhula 
levistriata (?), Ammonites auritvs (typical form), A, liauluiianus (?) 
small, and A. rostratus (a form resembling one common in the Gaize 
of Devizes). In the very highest layer, just below the Chloritio 
Marl, lihynchoneUa convexa and RK Echloenbachi occur. 

The section on the preceding page shows the succession of the 
beds below the Cenomanian which form the headland of Cape 
La Heve. 

The Cenomanian (Bed 5). 

We dissent entirely from Prof. HeOert’s classification of beds 4 
and 6, and agree with that of M. Lcnnier and Prof, de Lapparent, 
for there can be no question as to the exact horizon where the dis- 
tinctive Cenomanian fauna sets in. 

M. Lennier gives the total thickness of this division at Cape La 
Heve as 32*75 metres (108 feet). Our measurements give only 
about 90 feet from the base upwards, and although more chalk is 
to be seen above this, it is not well shown or easily examined. 
With regard to detailed measurements, our own do not quite tally 
with those of M. Lennier, but we differ only in such manner as may 
occur between persons w*ho measure a somewhat variable set of beds 
at different times and at different points in a long cliff-section. 

M. T«cnnier^ has given a complete section of the Cenomanian of 
Cape La Heve; he divides it into 11 beds, 10 of which are seen 
at La H^ve, the uppermost only coming in between Brunval and 
8t. Jouin. He describes tbe basement-bed as a soft sandy glauconite, 
sometimes containing hard blocks (* roches *), with nodules of 
phosphate of lime perforated by litbodomous molluscs, from 1 to 2 
metres thick. This bed is very rich in fossils, the commonest being 
Ammonites Mantelli^ A, varians^ Pleurotomaria psrspectivaf PI, 
Mailleana, Ostrea conica^ 0. ssrrata, 0, Zesueuri, Spondylus striatus, 
Rhynchonella compressa^ etc. 

f^rom this description there can be no doubt that be takes the 
^ BulL Soe. da Nomandis, voL vi. (1880) p. 380. 
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base of the Cenomnnian at the bed of sandy glauconitic marl, which 
contains black phosphates (see p. 119), and in this we entirely 
agree. There is here a well-marked plane of division, for the phos- 
phate-bed is separated from the marl l^low by a scam of saud, full of 
glauconitic grains, a rich brown in the centre, from 2 to 3 inches 
thick. This brown sand was noticed in all the sections between 
Cape La Heve and St. Jouin, except at one place, about a mile east 
of the lighthouses. The soft marl funning the bed itself is full 
of glauconite, the grains being large as w*ell as abundant ; small 
quartz-pebbles are not uncommon, and the black phosphalic nodules 
are not unlike those of the ('am bridge Greensand; indeed, an analysis 
by Berthier quoted by M. Leiinier shows that they contain 67 per 
cent, of phosphate of lime. The following is a list of the fovssils 
collected by one of us from this nodule-he<i ; a few marked L arc 
given on the authority of M. I^eimier, and wo are indebted to 
Dr. G. J. Hinde, F.G.2S., for naming the sponges and ]>uly/.oa:-— 


PoKirSRA. 

TrtmtU(iCt/^ia 9iplu>nuudes^ Mich. 

d" (Jrtiignyi, 

Cortf n*l la rugose. Hi tide. 

. up. 

Elasmostoma consitbrimtm, d’Orb. 

— plicatum, Hindc. 

Jrrta, fp. Siphon 
PaA'kypitterinn vumpactum, Hinde. 
Sfuuronrnui Cartrri, 
riucoscyphia (?) frugiucuts. 

Htosozoa. 

Poroiplupra urveolafn, Phil. 
Assemda. 

Difrujta difformis, Lam. 

GaUolaria pUxus, &)ow. 

Sk'HINOIlERUATA. 

Cidaris vesiculosa, Ooldf. 

DiscoiJea suhurula, Klein. 
Goniophorus, sp, 

Salertia, np. 

PseudodiUcUma ornalum, Ooldf. 

— — - Jienrttue, Forbe*. 

■■■ — variolare, Brongn. 

L HoUuter tubglobocus, Letke. 

POLTZOA. 

Cerinpora (Ceriocava) mamrniUaru, 
d'Orb. 

J)iastopora, ip, 

— sp. 

Alecto, gp. 

Meliceries eompressa, d'Orb. 
Uparsicatfa irregularis, d’Orb. 
Sadiopora {iHrmgpora) tuber etdaia^ 
d’Ort, 


PoLYZoA (continued). 

Padiopxmx ormta, d'Orb. 
Mscropora, Uirce RiMKriort. 

I BKACiiioronA. 

I llhyttrhavrUn dimidiafa, Sow. 

vonfTxa, Sow. 

I > — — • (frasifitnt, d*Orb. 

1 Megrrlia Uma, 

j L Irrrhrafuln fdp/irata, How, 

I 'JerehrafrlUi yteJifa, Sow. 

L Terrhrirxtftra lyra. Sow. 

Lam KLU BRASCIl I ata. 

Esogyrn cntiu'a, Bow. 

ICuuliuintui, d’Orb. 

Ontrra lUina/icuUifa, Sow. 

Jyfsururi, Sow. 

carimita. Bow. 

Perten asjtrr. Sow. 

I)utrnipfutrin, d’Orb. 

Nrdhra (juadrirostata. Sow, 
Sp(mdgtiiJt sfriatm, Sow. 

Trigunia sjnnosa, Ag. (nun Park). 
Cyprtna, sp. 

Oartsuopoda. 

AvelUtna cassis (?), d’Opb. 
btatica (like gaultina). 

L PieuroOtmaria MailUona, d’Orb. 

prrsfiectiva. Bow. 

Turboidea, sp. 

Cephalopoda. 

Ammonites Manidti, Bow. 

navicularis, Mont. 

— varians, Bow. 

Hcaphitea ^auedis (s fraament). 

L Sautilus suoradiatus, d’Orh. 
TwrriliteSt tp. 
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It will be Been that the contrast between this fauna and that of 
the beds below is yery great. It is the incoming of an entirely 
new set of fossils, and the presence of Staurontma Carteri is a strong 
confirmation of the view which at once impressed itself upon us that 
the bed corre8i)onds to the Chloritic Marl of the Isle of Wight, 
Almost all the brachiopoda and mollusca occur in our Chloiitic 
Marl, though most of them occur also in the highest bed of the 
Upjier Greensand near Warminster, which is j)art of the so>caUed 
* zone of Pecten asjterJ The relations of this zone in England to the 
French Cenomanian will be discussed in the sequel. 

AVhat we desire to point out in the present connexion is that in 
the cliffs near Havre there can be no question where the Cenomanian 
fauna commences: that it comes in suddenly with a bed which 
reaembles our Chloritic Marl, both in its mineral composition and in 
its fossil contents, and in its included phosphatic nc^ules. Above 
t his bed there is no break whatever, and, though the material of the 
overlying beds is different from that of our Chalk Marl, these beds 
pass up gradually into a true chalk near the top of the formation. 

Bed 6. 

At and near Cape La Ileve the phosphate-bed is succeeded by beds 
of soft marly and glauconitic chalk, divided by layers of a peculiar 
kind of siliceous stone. Examination of this stone proves it to be 
permeated and indurated W’ith colloid silica, the condition of the 
material being in every stage from merely hardened chalk to a blue- 
grey siliceous moss, like the immature chert occiining in the Chalk 
Marl of Wiltshire, and described by us,' while here and there it is 
concentrated into nuclei of pure crystalline silica. The result at 
this horizon is not definite chert or flint, but ramifying masses of 
silieooiis mnU'riul, passing in ]»laces to clear black or grey -coloured 
chert or flint, without any deflnite rind. 

These beds are discontinuous, and there is a good deal of variation 
in the succession of chalk and chert, even in sections a short dis- 
tance opart. 

Between these hard beds the chalk is soft and marly, sometimes 
firm, but it always contains much glauconite in grains of rather 
small size compared with those of the Chloritic Marl. The hard 
l>ed8 gradually become less marked, and separated nodules or beds 
of chert begin to appear. 

The incoming of the cherts at Htwe is marked by five courses 
of exceptionally massive character, and these form a striking feature 
in the cliff-face. A little east of the lighthouses the lowest line is 
84 feet above the base of the Chloritic Marl, but nearer Havre it is 
only 27 foot 6 inches above it. 

Above and between these cherts to the top of Bed 6 the chalk is 
of a pale yellowish-white colour, firm iu character, and rather 


^ Quart Joum. Geol. Soc. toL xIt. (1889) p. 408. 
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rou^h or gritty to the touch, and it contains less glauconite than 
that below. 

Grey or black cherts in separated nodules continue to occur either 
scattered through the chalk or in lines at irregular intervals. 

The bluish colour, probably^ due to argillaceous matter deposited 
with the chalk, gives place verj' irregularly to the yellowish-grey 
which is the characteristic tint of the French Cenomanian. Some- 
times it extends up for 12 or 14 feet above the hiisement-bed, some- 
times only II or 4 feet, and in one section near Havre the colour does 
not reach the Chloritic Marl. 


St. Jouin. 

In going to the eastward some of the features just described as 
occurring at the base of the Cenomanian k^come lost, and the section 
seen at St. Jouin is somewhat diffei'ent from that at I.a Hove. The 
Chloritic Marl, with the brown sandy seam and phosphates, is the 
same, but the succeeding silict?ous beds have died out and are re- 
placed by yellowish-white chalk eontaining comparatively little 
glauconite, and in this are lines of thin-skinned black cherts. Above 
this the rock for a short distance has a bluish cast. 

Near the top of Ihnl i\ there comes in a course of grey gritty 
limestone, with green-coated nodules, much rosemhling the Tok 
temhoe Stone of Norfolk and Suffolk. Still farther east, at Itrunval, 
this bed thickens and is divided into two layi'rs, sejjaraUnl by 
grey, glauconitic, gritty chalk. A markwl kd of massive chert 
immediately beneath this can be followed by the eye from St. Jouin 
to Brunval. 

This hard bed thins to the westward and is lost before Cape 
Hove is reached. We believe, how^^vor, that the maHsivo chert- 
bed which just underlies it is at ukut the same horizon as the 
five massive chert-kds at Ia Hevo. 

M, Lennier has minutely described the section seen at 8t, Jouin 
in an account published in 1S84 of an excursion of the Societe 
Ccfologique de Normandie to St. Jouin, Urunval, and Antifer. He 
makes the thickness of the Cenomanian at this {mint to k 118 feet 
7 inches, which nearly cnincidos with our own measurement of 
119 feet 0 inches. But his section docs not api>ear tf) include the 
basement-kd, so that, if this be added, his estimate will k somewhat 
greater than ours. Wo here tabulate for comparison the section of 
8t. Jouin as taken by M. Lennier and ourselves, some of Lennier*! 
beds being grouped to save space. 
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Hill, 1895. „ ^ Lihitiib, 1884. 


Beda 


Bed 7. 


Bed 6. 


/Firm whitish chalk with layers 

of chert nodules, about. ........ 20 

Gr^ish-whitc chalk divided into 
beds by layers of chert-nodules, 

bluish -grey in colour 15 

Grey glauconitic chalk, with hard 
c^careous masses and some 
cherts — many brown phos- 

phtttic nodules 10 

Greyish - white chalk, slightly 
glauconitic, with layers of grey 

or black cherts 24-30 

Hard, grey, shelly, glauconitic 
chalk, with hard crystalline 
lumps and green • coated 
nodules 8-10 


Beds. 

Ohloritio 

Marl. 

Bed 4. 
The 

Gaise. J 


Conspicuous layer of cherts ... 
Yellowish-grey chalk divided 
into beds by courses of chert- 
nodulee, bands of bluish-grey 

chalk at intervals 

Bluish-grey glauconitic chalk ... 
Yellowish-grey chalk with four 

layers of blwk cherts 

Bluish-grey, glauconitic, sandy 
marl, with black phosphate- 

nodules at the base 

[ Thin seam of brown sand, about 


H 


28 


o?* 

2 in. 


Bluish-grey sandy marl, seen for 6 or 8 feet 


Compact grey chalk with nodules 

of nluish chert in layers 

Yellow or grey chalk, sandy, 
with layers of chert and black 

flint 

Grey chalk with layers of cherts 
and many brown nodules ; this 
bed is very fossiliferous 

Grey glauconitic chalk with 
chert-nodules and layers of 

black flint 

Hard, grey, sandy chalk in two 
beds with a course of sandy 

glauconitic marl between 

Thick band of maininillated flint. 
Yellowish chalk, with irregular 
layers of chert and beds of grey 

sandy chalk 

Bed of large black flints 

Grey glauconitic chalk 

Siliceous bed 

Sandy glauconitic marl with sili- 
ceous concretions, thickness 
unknown. 


Fset. 

Hi 


10 


33 


10 

1 


26 
9 in. 
9 in. 
9 in. 


We were unable to see the marly seam which is taken by 
H. Lennier as the summit of the Cenomuuian at 8t. Jouin; our 
measurements were taken to the base of a nodular bed having the 
unmistakable character of Melbourn Hock. There was apparently 
DO representative of the marl with Bfkmnitella plena at Hrunval. 

It will be seen, on looking at the diagram facing this page, that 
above the bard bed at 8t. Jouin, and above the massive cherts at 
Cope La Hove, the Chalk has the same general facies, and the same 
description will apply to both. 


Bed 7. 

About 35 to 40 feet above the massive and conspicuous layers of 
diert at La Heve, and about the same distance above the marked 
hard bed described in the section at 8t. Jouin, there is a band of 
chalk containing many scattered phospbatic nodules of a brownish 
colour. These are most numerous between the chert-beds, and the 
chalk between them is often very glauconitic, rough and gritty* to 
the touch. The phosphates do not occur with much regularity, and 
are more conspicuous at some points than at others. Beyond the 
fact of their occurrence there is no lithological break ; they come 
in with chalk containing more glauconite than usual and pass away 
again in about 15 feet. Many fossils occur in this bed, but there 
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is little difference between its fauna and that of the beds below. 
Cephalopoda are rather more abundant, but are of the same species ; 
Holatter 9 uhglohosu 9 becomes common about 8 feet below this bed 
and ranges above it, at the same time EincuUr cmssisgimus and 
Catopygus earinatus either die out or become rare. The following 
is a list of the commoner fossils occurring in this central part 
of the Cenomanian, the first column showing those in Bed 6, and 
the second those in Bed 7. The letter L indicates species which are 
given on the authority of M. Lennier : — 



.! . 

1 


hi 


1:1 


I 


Poroaphfra, up.....! 


j Ostrea eaualiculata (Literal is) ... 

• 

« 

,, urceolata 


Peefen asper 

# 

# 

Hkynchonella contYxa 

* ' • 

„ (i allietinii 

# 


,, dimidUita 

• * 

„ Marrotianus 



„ Cira»iavM 

• 1 • 

1 ,, Puxosiauus 


• 


• ' 




T'tttbrai%da arrunfa 


! Janira trquieos/a/a 


* 

„ capillata 

• 

j „ quin(fverosfata 


• 

TerthraUlia Mt’mtrdi 


; Lima elt/priformts 

h 


Carat omus roitraiug 

L « 

Spondt/lus striatus 

» 


Caiopytfw earinatus 


j Pleurotirmaria ArehiaH 

L 


Cidaris vesiculosa 

! 

« . « 

' AiYflann cassis 

1 

L 

HoUuster earinatus 

• 

il Aporrhais, nj)., puHt 


# 

„ suhqlohosttM 

«i» 

j Ammonites /nlratus 


L 

Epiaster crassissimus 

• 1 

„ MantelU 

# 

L 

„ distinctus 

Li 

i| „ various 

‘ t i 

« 

Pseudodiadema omatum 

i 

• ' • 

1 „ Cnujtri 

# 

• 

„ Jienettits 

• ! 

Turrilites cost at us 

» 

• 

' liistMtdea Muhueula, 

• ! • 

* „ tuhm'filatus 



(i if/jihttd/pkuM rudiaiun 

! 

# 

Senphites squalls 


n 

Salenia pttalifera 

L L 

Hamitrs up., 1 


41 

1 „ Kp. 

:«i 

j JSautdus, ip 


# 

> Exogyra conica 

1 

1 1 

1 • » 

t i 

ii 




Bed 8, 

Above the phosphates the chalk is featureless. It is, however, 
distinctly whiter and more free from glauconite ; fiint-like cherts 
continue to divide it into courses, fossils are comparatively rare ; 
we collected none from it. 

The Turonian. 

The base of the Turonian is well marked between St. Jonin and 
Brunval by a bed of bard nodular chalk, like that which we 
recognize in England as the Melbourn Hock. In fallen blocks on 
the shore fossils common to the base of the Middle Chalk occur 
plentifully, such as: Inooeramua labiatuSf Ehynchonella Cuvieri, 
CardiatUr pygmaem. 
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IT* A CoaraJLiioir of tbm CnroMjjfXAV DiPOiini nr mi 
Calfados, OjEorsy axd Sabihb. 

1. CalTadoi. 

Having studied in detail the sections of the cliffs at and west of 
Cape La Hove, and having satisfied ourselves how much of the series 
corresponded to our Gault and Upper Greensand, and how much to 
our Lower Chalk, we desired to ascertain the stratigraphic relations 
of this combined Albien and Cenomanian series and that of the 
typical Cenomanian in the Ome and Sarthe. 

This was a more difficult task, because no French geologist had 
explored the ground for this special purpose, consequently the 
exposures had to be sought for. Sections in the middle and upper 
part of the Cenomanian, such as occur near Honfleur, were of no use 
to us : what we required were exposures of the basement-beds, in 
order to judge how far the Havre equivalent of the Upper Green- 
sand extended to the southward, and whether the base of the 
Cenomanian continued to present the same character as that ex- 
hibited by it at Havre. 

We soon found that it did not, for the following section was seen 
at Moulineaux, about 2 miles S.S.W. of Honfleur, in a pit which 
had been recently dug in the side of a hill for the formation of a 
washing-place or reservoir. Descending order : — 

Feet. Ins. 

Soil, ohalk«rubble, fragments of chert and 

brownish clay 8 0 

^3. Yellowish-grey, soft, marly chalk, Tery glau- 
I conitic, and containing hard siliceous concre- 
tions, also many fossils : Khunchonella dimi- 
CbnouAnian. diafa, lih. Grasiama^ Mefffriia lima, Ostrea 


vesiculosa, spines of Cidaris vesiculosa 4 0 

2. A IkhI of hard masses in soft grey and very 
glauconitic marl, with Hh. dimidiata, Cato- 

- - rinafus, etc 3 S 

Upper ( 1. Dark grey, exceedingly glauconitic, calcareous 
Grebusand. \ marl, seen for 2-3 0 


The material of Bed 2 resembles that of the Chloritic Marl of 
La Hevo without the phosphates, the glauconite-grains being large, 
but the ceracnting-mat<orial of the hard masses proves to be calcite. 

The overlying chalk is similar to that occupying the same 
position near Havre, its glauconitic grains being small, and we 
think there can be no doubt that the base of the Cenomanian was 
here exposed. 

Passing to the valley of the Touques and proceeding by the 
high road leading from Pont I'Eveque to Lisieux, the next exposure 
noted was about 200 yards east of Les Forges, on the road leading 
to Blan^. Here a strong spring is thrown out, and yellowish-grey 
glauconitic chalk was shown just above it, while on the other side 
of the road a freshly-cut ditch showed grey and very glauoonitio 
marl, but without hai^ lumps similar to those of the basement-bed 
near Honfleur. 



iifir 

BlaUgy lies in a bnneli of the main Toaqim Valley. On tlie 
Bonthern aide of this valleyf along the high road leading to the 
Tillage, the ontcrop of the Upper Ureensand waa erident in many 
places, but no good section was seen. 

On the northern side of the Talley the hills are more precipitous, 
and there occur seTeral small pits in the basal part of the Ceno* 
manian. In one of these yellowish-white glauconitic chalk was 
seen passing down into yellowish-grey marly chalk containing much 
glauconite, and in a small exposure 30 yards to the west this was 
seen to be underlain by grey calcareous marl containing much 
glauconite in large grains. Farther on, several small exposures in 
the bank showed tliis calcareous marl ptissing down into a green- 
sand. There wiis no complete section, and no hard lumps wore 
found, but it was evident that the Cenomanian passed down through 
a bed of marly glauconitic chalk to the greensand, lleturning to 
the main road, the grey marl and glauconitic junction-bod were again 
seen in a ditch about 3 miles north of Lisicux. 

At the village of 11 crmival, which lies in another minor branch of 
the Touipies Valley, the UpjKTdreensaiul was well seen, by following 
a newly-cleared ditch by the side of the roadway, passing up into a 
grey glauconitic marl, at the top of which war. a bed of hard 
crystalline lumps between 1 and 2 feet thick ; this was overlain 
abruptly by yellowish-grey glauconitic clnilk. A small spring 
seemed to issue from the junction of the two beds. 

About mile south of Lisieux, just before comifig to the 
viUagt^ of St. Martin de Liette, is an interesting exposure in a largo 
sandpit, which shows that the Carstone-like bed at the base of the 
Gault, to which we have drawn attention in the section of the cliffs 
of La Heve, persists thus fur, though somewhat attenuated. The 
section is as follows ; — 


Fsot. Ins. 

Bubble of grey chert and sandy soil 2 0 

Very gliiuconitic and rather marly sand 2 (> 

Dark grey, greasy clay 0 9 

Coarse brown pebbly grit, with much fossil wood 

and many light-coloured phcwpluiteii 7 0 

White micaceous sand about 40 0 


The white micaceous sand is part of the ‘ Sables de Glo8’(Corallian). 
On this rests the coarse brown grit, which is succeeded abruptly 
by the clay. We found no fossils in either, except the cast of 
a Natica in the brown grit, about 18 inches from the top; but 
M. Bigot, of Cat?n, informed us that he hod found others in the 
same bed, and kindly sent them to us for inspection. Most of 
them showed a matrix of very glauconitic material, and we think 
that they have come from the very top of the grit (or Carstone) at its 
junction with the clay. Among them we could identify Amm(miu$ 
interruptus (vars. Delud and deniatws)^ Pecten orbicularis^ Cucullcea 
fibrosa 'f, and a large Cyprina or Cucullaa. There was also a 
^atka in a brown matrix, like that of our own specimen. The 



128 


nssBS. A. 7 . jrmcis-Bmoim abb w. hill : [Ifay 1896, 

ammonites are sufficient to prove the bed which yielded them to be 
of Lower Gault or Albion age. 

From lisieux, acting under the advice kindly given us by M. Bigot, 
the country south-east of the valley of the Touques, in the neigh- 
bourhood of St. Paul de Courtonne and Orbec, was next explored. 

At La Haute It/>chc, about ^ mile S.S.E. of Courtonne du Murdrac, 
the following section was seen : — 

Feet Ins. 

yellowish -grey chalk, slightly glauconitic, scattered grry 
chrrtB and ramifying siliceous concretions in dis(;on- 

tiriiious beds 4 0 

Chalk similar to the above, with two beds of massive chert... 2 6 

Yellowinh-grey chalk, glauconitic, with scattered clierty or 

siliceous concretions 1 9 

yellowish-grey chalk, firni, slightly glauconitic, with large 

cherts arranged in discontinuous lines 10 0 

Mealy, yellowish-grey, very glauconitic chalk, seen for 1 6 

This exposure occurs in a low cliff capping the summit of a hill, 
and is not fur from the base of the Cenomunian, which was estimated 
to be 12 or 15 feet lower than the bottom of this exposure. About 
this vertical distance glauconitic sand was well shown in the hedge- 
row and in the field below, the hai^e of the (Jai/.o being probably 
indicated by a spring and the boggy nature of the ground ; if this 
sunniso is correct, the (Jaize and (iault cannot be much less than 
30 feet thick at this point, and may be more. 

The section can Ikj followed for some little distance, but the 
junction-beds were not noticed. 

About 300 yards S.S.E. of the church of St. Paul de Courtonne, 
13 feet of whitish-gn*y, slightly gluueonitic chalk was seen, with 
discontinuous lines of grey chert, and 3o yards farther on there 
was a course of hard, grey, lumpy chalk with many fossils, about 
2 feet thick, making with the other a continuous section. The 
ground then dropped suddenly, forming a steep pitch, a feature 
constantly noticed at this horizon in many localities in Calvados, 
and below this it sloped gently to the bauks of a brook some 
60 yards away. 

The soil was full of large glauconitic grains, evidently Greensand. 
A little farther 8.E., in the next field, along the steep pitch of 
the ground already noticed, were many hard calcareous masses 
full of glauconite and of the same character a.s those of the junction- 
b(*da at Honfleur and llennival, but the glauconitic grains were 
smaller. About | mile farther 8.E., opposite the turning of the 
road to Orbec, many specimens of iVr/rn asper occurred in lumjw of 
hard chalk scattered along the top of the pitch, the material 
adhering to them being yellowish- white, slightly glauconitic chalk, 
not like the basement-bed which was seen in the banks of the brook 
4 or 5 feet lower. 

ITie basal beds of the Cenomanian were again shown about 
300 yards cast of the Chapel of St. Julian de Maiiloc, in a small pit 
in a field. The section was as follows ; — 
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Feet Xdi. 


Bubblj broken chalk and eoil 6-7 0 

Sinootn glauconitic chalk in two maiieiTe beds, weathering 

with a peculiar mealj touch when handled 5 0 

Bough, lumpy, grey, glauc«initic chalk, hardly nodular, but 
lumpy, the lumpe being hard, with soft mealy olialk 
between, Terj' foeailiferous 6 6 


At or near Orbcc are scToral large pits at this horizon showing 
the lowest part of the Cenomanian, but without exposing the aotucd 
hose. The most inii)ortant is a (juarry close to the railway, halfway 
between the stations of Orbiquet and St. Idartin de Jiienfaito. 
Nearly 40 feet of chalk is here exposed and its general character 
may be understood by the following section. Descending order ; — 

Feet. Ins. 


Smooth, ycllowinh-grcy, mealy chalk, rather glauofmitir ... 2 6 

Kitugh chalk, lumpy, the himpN licitig in a mwdy matrix . 2 0 

Soil, ycllowinh-grry. mealy chalk with gr«*v cherts 7 0 

Rough, glaiictmific, yolh>wish-grcy chalk witli hard lumps 

in a s<»ficr mealy matrix 5 0 

Firm. glauc<inilic, ycllowish-gr«‘y chalk 2 0 

Firm, glauconitic, yellowish-grey chalk, with hanl silicifled 

masses- - not chert ,*1 0 

Ritter glauconitic chalk, wcatlioriiig in platy pieces 2 (1 

ited of large wpnrated clierts 0 6 

Firm, yellowish-grey, glauconitic chalk, smooth, without 

lumps 0 0 

A (Mursc of hnr<l. lumpy, glauconit ic chalk H 0 

Smooth, whitish-grey, glauciinitic chalk 1 6 


Although the general charactor of the chalk seen in this quarry 
agrees with that at the same horizon in this and otluT localities, wo 
are unable to correlate the various beds, and it would ajijicar that 
minor peculiarities do not persist in the way that frequent ly happens 
in the English (.’balk. The rock at this horizon is usually yellowish, 
or ochns)U8 white, or grey in colour, slightly but irregularly glauco- 
nitic, some beds containing more glauconite than others, the grains 
being smalL It weathers down and gives off a dust whii;h has a 
somewhat gritty, mealy texture, and is not the impalpable powder 
which results from the handling of English chalk. 

It contains many concretions of a siliceous nature, sometimes 
merely silicified chalk; hut often there is a nucleus of clear black or 
grey silica, which merges through the silicified chalk into tin? calca- 
reous matrix which surrounds it, there being no rind. Well-definod 
chert-nodules are, of course, also common. 

2. Northern Ome. 

Continuing the exploration of the Touques Talley, evidence of the 
outcrop of the Greensand was met with in several localities, but no 
section was seen until Fauvaque was reached. Here a small quarry 
showed Greensand still underlain by a thin bed of clay, which in 
its turn rested directly on the Coraliian — the Carstone-like bed being 
absent. 
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A mile north of Notre Dame de Couraon a new section in a road- 
cutting was fortunately seen, showing about 9 feet of soft, exceedingly 
glauconitic sand, and about 100 yards north of this the section was 
curried higher in the bank of a short cutting in a lane. Here there 
occurred about 2 or 3 feet of greyish calcareous and rather marly 
sand with rusty markings. It contained many fragments of recUn 
asper, and the material was Tery similar to that found at the summit 
of the Greensand at Vimoutiers, 6 miles southward. No hard cal- 
careous masses were seen, but we think that this grey calcareous 
marl was undoubtedly the top of the Greeusand. 

Vimoutiers was the next place of interest, and we have heartily 
to thank M. lACocur, of this town, for his kindness in accompanying 
one of us to the principal sections in the neighbourhood, and also fur 
his generosity in adding some named sjiecimens to our collection of 
fossils. Nowhere else was the whole (Jenornauiaii so well shown as 
in the large quarries near here, which give almost a compJtte section 
from the Greensand below to tbeCraie marueuse at the top. Desides 
this, continuous rail way -cuttings enable one, armed with proptr 
authority, to study the upper part of the Cretaceous series far above 
the beds in which w e had especial interest, and one could not help 
regretting that time allowed the study of the basal portion only. The 
following section w^as taken at a very large quarry, nearly a mile 
north-east of the church : — 


Cbhomakiaii. 


IJPPIB 

Gbbkkbamd. 


Feet. 


f Soil, etc 1 

Greyish, glauconitic, windy chalk weathering 
to tiiealy dust, rather bunler rough rock 
altenmiing with stiiu(»ther layers, cherts 

si'attered or in discontinuuus lines 37 

Yellowish-grey, giuuconiiic, sandy chalk, 
rough, with liurd irregular lumps (nut 

nodules), softer chalk between 6 

MassiTe grey cherts, uppureutly a continuous 

bed 1 

YellowiKh-groy,glauc«»nitic, sandv chalk, rough 
. and lumpy, softer mealy chalk between the 

lumps 1 

A line of sei>arated cherts 0 

Velloa ish-grey sandy chalk, rather gluuconil ic, 
with lighter patches, massive cherts irre- 
gularly scattered — passing down 10 6 

Yellowisli-grey, rather soft, mealy, and very 
glauconitic sandy chalk containing hard 

■ilicoouB concretions 6 

A bed of detached, hard, calcareous masses, 
very glauconitic, forming a marked hard 
[ layer 1 

! 0 re tisb -green, verj- glauconitic, calcareous. 
Bandy marl with rusty markings, passing 
down to dark green glauconitic sand, which 
gradually* became darker and was almost 
black at the base 10 


Ins, 

U 


0 

0 

0 

6 

9 

0 

0 

0 


0 


The Corallian immediately underlies the Greensand, but the actual 
junction is not seen in this quariy. 
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The line of separation bet ween the Cenomanian and the Greensand 
is sharply marked, and the litholojjfical difference between the two is 
striking. The one is a yellowish*grev, slightly glauconitic chalk, 
the other is a green marly sand in which largo grains of glauconite 
prejK)nderato, and even at the fop, which is most calcareous, they 
give a distinct greenish tint to the deposit. This green sand is so 
soft that it can lx* dug with the fingers. 

No fossils of any kind rewarded a search in the Greensand, nor 
was tht* base of the Cenomanian very fossiliferoua. Many of the 
cherts and siliceous masses were evidently sponges, too bulky to 
carry away. 

Most of the s(*ction given above is in the zone of Ammonites 
Mantelli ; the highi‘st part of this zotn*, with tin* overlying Oaio de 
liouen, or zone of Ammonites rofoonojensls^ arifl the Craie inarneuse 
is •seen at (he quarry at Lisores, about a mile north-west of tlie 
railway-station at Vimoutiers. About 4(» ft*et of fine-grained, glau- 
conitic, sandy chalk of the upper part of the zone of Ammonites 
ManUlli was here exjwised, with courses of rough lumpy chalk, 
and c)u*rts, scmie scatteriHl and some in layers. 

The base of the zone oi' AnnHonlfes rotomniftiisls is marked by a 
b«l uf inti'iiscly hard, creamy-yt llow, crystallirn', and gbiuconitic 
chalk, containing the usual hard siliceous rnasHes of partly-formed 
chert. A scries of small ]>its showed similar hard bcals alternating 
with layers of soft grey and very glauconitic marly chalk, so soft in 
places lliat it could be almost dug with tlie lingers. These hods 
were in t urn overlain by the ( ’raie marnouse, a whitish-grey, slightly 
glauconitic, marly chalk not unlike in texture to the top of our own 
Grey (dialk. 

Thus the whole succession of the (Vuiomanian seen at Vimoutiors 
is as follows, the thicknesses givtui being supidied to us by 
M. Lorceur: — 


Foot. 

TriiM.NiA.v. Cruic marn«*nHi' 10-J4 

p df Kouen or Z<»ric of ridatnaijf itxis .‘t’i 

ESOMAMAv. I Yjitxw Amvumifrs Maatrlli Il.'t ll.% 

L'})pcr OroeiiHaiid 10 

Coralliun, ' '■ 

Many of the fossils found in the Graie dc Rouen are in light 


brown j>i:(isphatc. We recognize in this Craie di; Rouen Ro is 7 and 
8 of the section at Ca |)0 La Jleve. 

M. Lecamr, of Vimoutiers, has sent us the following list of fossilH 
collected by him from the Craie de Rouen of that locality and 
permita us to publish it ; — 


aJ.G. S. No. 206. 


L 
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List of Fossils from the Craie de Rouen. 


HU rnrinatns. 

Kj/iasfer crnsftiss/ m f/s. 

Put'u do d in d v ntn ^ *« r / ola rc, 

Terthrot Ilia hijtlicaia. 

farrjfmoxfi (ovata). 

Ua alaia { — dimidiala ^ 

HHKtrrh'U. 

( tsfrt'd jncudo-vosirvlom. 

Jvorrrum ns cn n r if )Tm is. 

Corhis rotundaia. 


Triponia spinosa. 

A veil an a ras.sis. 

Fusus Fj^pailluci. 
PlevToto maria, 2 species. 
Anmionifes rartans. 

rotomagvnsis. 

Sf-aphiics (pqualis. 
JiucuHtrs on reps ? 

7 '// rri H trs cosfo tns. 
llomitcs simplex. 

Fa u / ilus rivqa n s. 

■ carinafus. 


Jri addition to these we have obtained : — 

iisirva ramdirulata. Cardivm, sp, 

■ carinata. Ammonites cenfnnnnensi 

Jauira ^ d’urrililes fuliercn/afus. 

The fauna really differs very little from that of the zone of 
A77imonitfs Mantelli^ eAcept that in this locality some of the cepha- 
lopoda, such as Ainwofiites roiornapmsin and cniomanejinis and 
Fcajthiten <Kf((ftlls\ do not occur in the lower zone. Elsewhere, how- 
ever — for inslanc<‘, near Havre and in England — lSca2thitis (TqnaJis 
ranges to the V(‘ry base of the Cenomanian. 

About 1,} mile S.W. of (Jace there is a large quarrj' where the 
Corallian has h<‘cn dug; a lane leads round its southern extremity, 
and here th(*rc occurred a complete section through the Greensand 
to the zone (»f AmmoniUs Mantvlfi as follows ; — 


Feet. 

Rubble of clialk. clicTtn. and soil, 

Ycll(»wisli-prfy. sandy, niica<*et>UH, plauoouitic. Bilimnie 
‘ chalk ’ (Jijun* than usually ruMy-c^olourcd, probably 

much weathered) G^-8 

A boor of ban! very glauconitic, silitvous, partly 

crvstulline nuisHcs 1 

Exceedingly gliiueonitie. green-grey, sandy marl, passing 
d ’wn to very dark, marly, glauconitic sand, almost 
uiu..!,- nf ttw. L...., * 9 

CoUALLlAN. 

Ammonitfs Mantdli and A. naviculuris occurred in tho yellowish 
^ chalk.’ 

Near Mortagne, along a field-path leading from Mortagne to 
Villers, the Greensand was seen in several places as one passed over 
the outcrop, but no section was found. 

Near the railway-station at Villers, in a ditch by the roadside 
along the road towards Fiengs, it was constantly exposed. Returning 
from Villers by the road which joins the high road from Paris to 
Brest at La Jarretiere, Greensand was seen in the fields adjoining 
the road, and at one point the plough had turned up many pieces 
of the hard crystalline bed at its summit. 


Oenokaman. 


TJpi’kh I 

Green SAND. ) 
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Turning towards Mortagiir, along the high road, about | mile 
from the villa{?c of Jarrotiero, the Oroonsand is exposed in a lane 
to the loft much as it is at (Jaco. Its character is the same, — a 
light, calcareous, marly sand, passing down to a deposit almost black 
in colour. The top is hidden ; a wide dark band, visible for 
some distance away, betrays its outcrop in the arable fiedds, over 
which are scattered fragments of the hard bed. The estimated 
thickness of the (irei'iisand lu re is lo feet. 

Tlic yelltiwisli ‘ chalk ’ with Amiuunltts ManteUi was seen to 
immediately overlie the (Jreensand in tlu' cutting of the road to 
St. Hilaire les Montague, about IIK» yards nearer La Jarrotiero. 

From the evid<'nc(' gained by this traverse W(' think that afU^r 
leaving (’ape La Heve a lateral change* takes jdace at the base of the 
CiTionuinian ; that the bed with Idack phosphates dies out before 
H'aeiiing Moulineaux, n<‘ar Ifoiitleur, and giv(‘s j>Iace to a bt'd con- 
taining hard crystalline massrs; that hetweim Lisi<‘UX and Virnoutiers 
this bed heconies eniidensi'd, as it wen*, tintil it forms a small and 
W(‘ll-marke(l hard layer at the hasi* of the ‘Chalk.* If we aro 
eorn*ct in tiiis opinion, this hard layer is the true base of (he Ceno- 
manian, and the Iwds 1 m‘1ovv ought to he excluded from this stage. 

We have seen that the (iault at Lisieiix is at tin* ]»oint of disap- 
])earanc(‘, and cons(M|uently we take tin- mass of the glauconitic 
sand south of that place to he the e<(uivulent of the <iaiz(* ; hut, as 
Pictni a.ytcr occurs in the sandy marls at the top of these, it would 
app(*ar that a local or lenticular deposit repres<*nting tin* Fnglish 
zone oi‘ J^rt> n as/H r is ]»resent for Bonn* <listane(‘. Whether this 
enters into the lo feet of glauconite at Viinoutiers we will not 
undertake to say, but we have no doidd that this H>-footbed is 
the attenuat4‘d n'preseiitative of our rp]»er (Ireerisund, and that 
the beds above it are the (Mjuivalent of our l/)wer (’balk. 

[ iVote. November 7th, 18115. — Since the above was written we 
find that Prof, dc I>apj)arcnt has expressly separated this ‘glaiiconio 
a (fsfrea resiculox(t ’ of tlie Kure, Orne, and Maine from the C«‘noina- 
nien cTraitc de Ceidogie,’ lind ed. J8s5, pp. 1011 and 1075). Ho 
classes it with the Alhien, and considers it to he the e(|uivalent 
of the Gaize of the Havre district ; 8}>caking of the (kuiomunian of 
the Orne on p. 1075, he describes it as ‘ resting on the glauconio h 
0. vesicidosaJ This was a new departure, MM. Guillier, Hizet, and 
other French geologists having always regarded it as the bosement- 
bc*d of the Cenomanian Scries. It is satisfaetor}’ to find that wo 
bad independently arrived at the same conclusion as M. de lAapparent, 
and that, so far as WesU;rn France is concerned, we are in complete 
accord with his definition of the CVnomanien stage. 

He does not venture ujion any correlation of the western Ceno- 
manien with English deposits, but includes the Warminster Green- 
sand in his table of English ecjuivalcnts. If, in his next edition, 
he were to omit this greensand, hb table would express precisely 
-our view of the subject.] 
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8. The Cenomanian Sands of the Southern Ome and 
Sarthe. 

W^e now come to a region which has been well explored by 
Messrs. Paul Bizet and Albert Guillier. The great change from a 
chalky to an arenaceous facies begins to set in between Gacc and 
Mortagne, and, curiously enough, this occurs at the very top of the 
formation, }>eds of sand coming in above the ‘ Craie a Ainwonites 
rotomaf/ensis.' These are the ‘ Sables du Perche,* and it is interest- 
ing to find that they contain fossils which we are accustomed to 
associate with much older deposits (Chalk Marl and Upper Green- 
sand). M. Bizet mentions, as common fossils, Animcmitea navicu- 
lathis, Osirea carinata, Ithyhchondla comj/resm, with many shells 
of Kxfxjyra comm and E. colnmha. 

Near Mortagne the sequence is given hy M. Bizet- ' as follows: — 

4. Sables du l*erche a Animonifes navicu/aria. 

.‘1. Craie do Rouen a AmmoniicH rofomagensLs. 

2. Craie glauconieuse a AminoHifr.s Moufrl/i. 

1. Glaiiconie et argile glauconieutsi a Ostraa wisicxAosa. 

The Craie do llouen is a thick mass of chalk which is divisible 
into two parts or zones: (1) an uj»p(T zone of l^cajJiitc!^ (tguaHs^ 
which consists of alternating beds ot firm chalk and greyish marl ; 
(2) a lower zone to w^hich he does not assign any ])articular tbssil, 
but which consists of chalk with nodules of greyish tliiit. 

The Craio glauconicuse is evidently like that which we have 
described at Vimoutiers and elsew’here, but M. Bizet seems to 
include in it what W’o regard as the upperiTi(»st beds of the ‘ glau- 
couio’ or Greensand. Tims, in Lis excellent ])a]>er on the * Profil 
g^logique du C’hcmin de fer de Mainers a Mortagne/ he writes: — 
‘Above the greensand come nnm* or less urgillaeeous marls and 
sands, then alternations of glauconitic sand and beds of u kind of 
greenish or yellowish clnilk, always containing maiiv green grains.” 
He classes both these in the zone of Ammonites Alantelliy but w’C 
did not find that fossil in the argillaceous marl, and, as already stated, 
for us the base of the Cenomanieu is at the top of this marl and 
at the base of the yellowi.‘<h chalk. 

Near Mortagne and Belleme the lowest Crotaeeons deposit is the 
‘ Glaueonio a O. vc^cuhsa.* This is a sandy marl or clay, which in 
some places, and especially in the east of the department, contains 
phosphatic nodules ; its thickness is only from 3 to 10 feet, and 
Ostrea vesiculosa is the sole fossil found in it. At Ceton, however, 
on the eastern border of the Orne, a representative of the Upper Gault 
or Gaize comes in below this * glaueonio ' — a glauconitic clay with 
phosphatic nodules and casts of fossils, among which a,re Ammonites 
injiatus, A, anritusy and Area carinata. Ammonites sphndens has 
also been found in the same bed at Souanct', near Jiiogent-le-Kotrou. 

It is clear, therefore, that the Upper Cretaceous se((uence in the 
east of the Orne is nearly as complete as in the Calvados, and that 
it is merely a question as to where the line for the base of the 
Cenomanien should be drawn. 

^ Bull. Soc. Gdol. Normandie, voUviu. (1881) p. 40, and vol. xi. (1885) p.58. 
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1. Sarthe. 

Proceeding still southward, we find that the next change takes place 
in the lower portion of the Craic de Uouon, which becomes sandy 
and passes into grey sands with blocks of calcareous sandstone. 
Thus in the communes of Theligny and Lamnay a moss of such 
sand is intercalated between the ‘ Cniie a Scfiphitts * nnd the ‘ Craie 
glanconieuse a Amuwnifta Matittlli' The researches of M. Bi/.et in 
this district have estahlishcd the following snccession ; — 

Feet. 

r>, SableR (lu IVrche a vtunftrensa, with Ammonites 

novirn/oriii and Tricon in •4*20 

4. Craie a Si'ofihifrs rr'/fhtlis, wilti Atthturnites rnrinm't, 'l\trri' 

htes cosfafus, and nsptr tU> to 70 

iJ. SiihU'H ot pret* a Prrnn /nnrroinfn ft Anorfht>pt/:fns ttrfnt'tifnris 130 
2. Craie ^luueonieiHe a Aoi’/toj/if/s .\/»/w/e//#, I'lirnlUfs f utter- 

rufofu.''. I*fctt’U nspt'}\ «*te 80 

1. Glaueouie a Oafi'ea tu sirtt/.tso 'Jfi 

4-326 

Finally, towards the south-west, in tin* direction of he Mans, the 
‘ Craie a SMphItes ’ also tind(Tgr>esa lateral changt* ; beds of sand and 
sandstone set in, and the chalky marls thin out, till tht' whole is 
ro[)laced hy sands of various etdours, grey, green, and ytdlow, 
enclosing large blocks («f ealcareotis sandstone. These satjds have 
\ ielded a large number (if fossils, the numbers ktiown to M.CtiilHer 
in l8S(i lasing, of inolhisca 2(h) s|M*ei(;s, of < <‘hinodormata 110, of 
hryozoa, corals, h»raminifera, and HjM)ng(‘s over CIO s|sa!ie-8. Tho 
larger number of d'Orhigny's types weri‘ in fact obt-aimuj from this 
])ortion of the (hmoraaniaii series. 

The ‘ Sa))l(^8 a Anorthopiff/off orhlmlariM^ nniintain their characters 
and thickness below the • Sables a Sorphiten,' and havtr also yielded 
many of the same fossils. 

The Craie glnuconieuse, however, ]»artak(;s in tho ])revalont 
change, losing its calc/ireons ingredient, and jmssing into beds of 
fine micaceous sand and ferruginous clay, so difreroiit in afipearanoo 
from Craie glaucoiiifuise that they might havt^ been referred to a 
lower horizon, wore it not that tiiey eontain in plac(»H some of the 
characteristic fossils of the zone of AnnuoniffM such aa 

Ammonites Vittrapeanus^ A. fotrafns^ and A. ntfonidf/emris. 

As regards the ‘ (flauconie u Ostreo vesi'^ulosa ’ M. Guillier 
remarks: — ‘In the west of the depirtment there e.vist beds of 
glauconitic material wdiich seem to he tho fu’olongation oftheso, but, 
as they do not eontain fossils and are intimately united with the 
overlying beds (argile glaueonieuse a minerai de for), we have not 
separated them.' Clearly some further investigation of those beds is 
required, and we may hope that the survey <»f the Surtlie on which 
M. Bizet is now engaged will enable him to determine whether the 
0. vesinilosa-hadu die out entirely, as we should think most probable, 
or whether some representative of them really does occur at the 
base of the ferruginous clays. 
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From the above description it will be seen that the Cenomanian ^ 
which in the Calvados and in the north of the Orne consists chiefly of 
calcareous and micaceous material, is, near Le Mans, wholly repre- 
sented by sands with a base of glauconitic clay. M. Guillier doea 
not give thc^ complete sequence at Le Mans in one view, but from 
his account it appears to be as follows : — 

Feet. 

»u]^0.r\eur» II Iiht/n( Ji07ic/la oonipresita about 54 

Hablee rt itTriigineux a Scaphifes tpqua/is | 

Sjabh'H «*t gnsf* a Jr iconics et J^rrna fanreoluft/ j 

Argilo gluucoiiiouse a ?iiitierai de fer 30 to 50 


About 330 

All these sands, and part, at any rate, of the basal glauconitic 
clay, are without doubt the correlatives of the Cenomauian of Cape 
La lleve, as defined by M. Lennicrand ourselves. In other words, 
we do not believe that the ‘ Gres du Maine,’ as the central group of 
sands has bc^eii called, includes any representative of our Upper 
Greensand, but that it is merely a littoral deposit of the ago of our 
Lower Chalk. The palaBontologieal questions raised by this con- 
clusion remain to be discussed. Our view of the correlation of the 
Cenomanian deposits in (he West of France and South of England 
is shown in the Table facing p. 172. 


V. Tue Minutk Stkuctukk of some of the IIeds in Knglano 

AND FkANCE. 

The Cenomanian of Devon. 

In hand-specimens the gritty limestone which forms the base of 
our zone of Ammouittg Mattitlli in the Devon series, and which is 
known as Led 10 of Mr. Mover, ]>resentH on its fractured surface a 
coarse, granular texture, sparkling with brokoii quartz-grains, often 
as largo os a pea, and with ealeitie crystals ; not unfn (juently, how- 
ever, it is smoother and more compact, and sometimes seems to 
include pebbles of a finer material. When thin sections are 
examined under the mieroseopt* the rough, coarse-grained specimens 
are seen to be n sand composed of shelly fragments, minute portions 
of what seems to have been a p^eviou^ly consolidated deposit, 
foramiiiifera, and a few s}H)ng(‘-spicules. Large quartz-grains, 
some angular and some well rounded, are plentifully scattered 
through this sand, w ith here and there a grain of glauconite. The 
whole is cemented together by a clear crjstalline calcite into a 
gritty limestone. In other parts of the rock the matrix seems to 
have been formerly a fine calcareous paste, wiiich is now in the 
condition of a finely granular crystalline limestone. 

As a whole, the structure of the shelly fragments is obliterated in 
the general crystallization, and their derivation is uncertain : their 
general outline does not surest the prisms of ' 
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but rather pieces of Pecten^ fragments of tbo tests or spines of 
echinodermata, polyzoa, and |>erhap 8 coral. 

Foraminifera are not uncommon, the genera represented being 
chiefly Texiularia^ Cristillaria^ and Jiotalia; Olohufetnna is rare 
or absent, and eakareoiis * splieres ’ do not occur at all. Although 
free sponge-spii'ulos are uncommon, there is much sponge-structure 
(? of calcispongos). 


1 1 . 

Bed 11 rovsemhlos the finer and mort‘ shelly ]>ortions of Bed 10, 
and specimens from Hooken ('lilf. Beer Head, and elsewhere j)re8ent 
the same character. Like Bed lt», it consists of calcareous particles 
derived from various sources, foraminifera, sponge-sj)icule8, with 
many (juartz- and glauconite-grains, the latter j)eing more common 
than in Bed lU. The wlioh* is cemented together by crystalline 
calcite. 


Bed PJ. 

This bed is a dense, hard, crystalline limestone, with smooth 
fracture, containing many grains of quartz an<l glauconite, those of 
glauconite being still more abundant than in iieds lo and I i. 

Examination of thin slices ])r<»veH it to Is* a tnu' chalk, having a 
matrix of fine, amorphous, cjilcarcous matt(?r, now converttul into 
granular culcile, in which are scafkTed a few slielly fragments, 
foraminifera, and some sponge-spicules. Spher(m are common — 
the general aspect being that (d certain sj)ccirnens of (Jlmlk Marl or 
Grey Clialk. But the rock in other parts contains irniny course 
shelly fragments and large glauconitic grains; these areas, tliough 
well dofliied, are not sharply marked off, find seoni to he integral 
portions of the rock. 


JU'd 1,‘L 1/ oaken 

The structure of Bed Ilf seems to vary at flifferent jflaces, but 
more examjdcs are neccssfiry to makf; sure ot' this point. 'I'lie typo 
may be taken ;is the marked zone of Beleinniftdhi /dma at Hooken. 
H*^Te the mjitrix consists of fine amorphous cfi leans) us iimtf(T and 
minute ealcilie crystals. A few coarse fragments occur which can 
be identified as shell, and spheres and small -sized foraminifera are 
common. The fealurcMif the rock is the abundances of large angular 
and rounded quartz-grains, and large grains of ghiucoiiite. The 
whole is loosely compacted, and forms a friable gritty stone. 

The lower part of this lK;d has a somewhat different usjioct. It 
is a compact glauconitic chalk, full of (piartz-grainH and coarse 
shelly fragments ; variety of structure in t,he latter indicates deri- 
vation from various sources. A specimen suppoH(*d to be 13, from 
between Lymo Kegis and Pinhay, shows a structure which ap- 
proximates to that of Bed 14 — the glauconitic base of the Middle 
Chalk 
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Base of the Middle Chalk. 

Specimens from Lyme Regis, Bindon, Beer Head, and Branscomhe 
show that the usual change takes place, and that the compact 
glauconitic chalk at this horizon consists chiefly of spheres thicUy 
packed in the flne calcareous material of the matrix. Olohigerinm 
are among the roost common foraminifera, but are not very abun- 
dant, and the shelly fragments consist chiefly of Inoceramus-ipr\sm^. 
Large quartz- and glauconite.grains still characterize the deposit, 
but they pass away in about 3 feet, and the rock has then the 
usual characters of Middle Chalk. 

The Upper Greensand (or Gaize). 

Cape La Heve. 

For the purposes of this paper it is only necessary to describe 
the minute structure of the U])pcr part of the Upper Greensand 
(the Gaize) in order to show that the material of wliich this 
division is composed differs considerably from that of the overlying 
Cenomanian. 

Viewed under the microscope in thin sections, the matrix of the 
Greensand is seen to consist largc'ly of fine, amorphous, siliceous 
matter, probably silicaU^ of alumina, intermingled with which are 
minute calcareous particles. There are very few foraminifera, and 
not many sliell-fraginents or sponge-sjneules. Globules of colloid 
silica arc present, hut not abundant. The pro])orti()n of quartz- 
sand is large, but the grains are small and anguljir; miea-llakes may 
be rcc(»gni/.ed. Ihithor large grains of glauconite are common, but 
not abundant. The rock compares well with a spt'cimon of the 
upper part of the r])per (ireensand of the Isle of W ight, taken 
from Culver (’litf, except that the grains of (juarlz and glauconite 
are distinctly larger. 

Isle of Wight. 

At the lop of the Upjier Gretuisand grains of glauconite become 
very abundant, and these and the i|iiart/.-gruins are coarser, and the 
rock more calcareous. Specimens from Bedsit, 4, and o (sec p. 105) 
from Collins Point show distinctly the commeneement of a transition 
from Up})cr Greensand conditions to those of Chalk Marl. 

Tlie Cenomanian of France. 

The Chloritic Marl of Cape La Heve. 

The bed containing many black phosphates, which we take as 
the equivalent of the Chloritic Marl, will not compare in its minute 
structure with that of the Isle of W ight. It is a less calcareous 
deposit, it oontiiins more tine inorganic material, and the grains of 
quartz and glauconite are more numerous and larger : indeed, as 
already mentioned on p, 121, some of the former are small j^ebbles. 
There is a little colloid silica, but few" s}K)nge-spicules, shell-frag- 
ments, or foraminifera. 
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The rock, as a whole, when viewed in thin section under the 
microscope, resembles more nearly the Cambridgi> Greensand than 
any of our specimens of Chloritic Marl, 

Bed 6. 

Seen from a short distance, the yellowish-white chalk into which 
the Chloritic Marl quickly imsses, and which forms the major part 
of the Cenoraaninn in the cliffs between St. Joiiin and Cape Heve, 
looks like the rock wo are nccu'^tomed to scks on this side of the 
Channel; but a striking difftTonce is seen in the lines of massive 
cherts which occur at irrej^ular intervals from near the base to the 
summit. 

A more critical examination shows that the low(»r part of the 
Cenomanian, all that included in Bed f», possesses peetilinritie^s not 
found in the Chalk of England. These are comparative lighi-ness in 
the hand, a certain amount of gritty mealiness to the tou^^h ; and 
it is everywhere s|M*cklcd by glauconitic grains, and a few minute 
mica-flakes sparkh* on its fracture. 

These jx'culiarit ies extend through Bed 0, and llnm thero is a 
gradual passage to that whib* juilverulent limestone with which we 
are familiar. 

When a thin section of Bed r* is examined undcT the microsc.ope, 
the matrix is found to he made up partly of fiiu', amorphous, cal- 
careous inott(*r, mixed prohahly w’ith a small jmoporlicm of fine 
inorganic material, and jmrtly of calcite in tln^ conditi(m ordofinito 
though minute ( rystals. The rock is full (»f shelly fnigments, the 
derivation of the larger pjirt of which is uncertain, hut prisms of 
/wormirnm^-shcll are clearly h*ss numerous than in shelly English 
4'hHlk ; such fragments as show structure are njore frecpiently those 
of Pecten or jmrtions of the spines or tests of echinod4*rmata. 

Foraminitera are ]»nts<*rit, hut an* not very numerous, the forms 
most in evidence h(*ing Te.i tnhiria^ (^rintelhir 'in^ \xm\ Bofttlia ; (Jlohi'- 
yrrinn is ran*, and sphere's do not occur at all. 

Intermingling with these* calcareous e'lememts are many sponge- 
spicules w’hose silica is invariahly in tlie* colloid state*. Tfiow; are 
sometimes closely packed, sotn<^tirn<*s widely s(*|»arate*, hut they are 
always })re*sent in greater nurnher than in auy English (Jhalk, 
except, ]>erhaps, sele*i'ted spe*eimeiis of silicr^ous ('ha Ik Marl. 

Permeating the whohj mass in single* gIe>hul<?H or aggregations of 
globules, is a large amount of colloid silica. 

Glauconitic grains of large* size, compun*d with those* of our TjOWer 
Chalk, are seen in all Rp(*cimeris, Home*tinies in great almndfinef.% and 
glauconite may also be He*en intiiling the* spicular canals and the 
ehambcTs of foraminifera. 

Quartz-grains are common, hut the ejuantity varic»s much in 
different specirneris ; they are evcfry where mon^ nume.'rous and larger 
than in the Flnglish Chalk Marl, and some are angular. 

This general description will apply to the whole of Bed 6 between 
St. Jouin and Cai)e I.,a Helve. Soraetiinos the fine material prepon- 
derates, there are fewer quartz- and glauce)niUi-grain8, and the 
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chalk ha8 a corre«j)ondingly denser texture. In other specimens, 
especially where si>onge-fi{jicule6 are numerous and there is much 
colloid silica, the line and denser material seems to be in isolated 
grains or patches, and the rock has a granular asj>ect on its fractured 
surface. These grains seem to consist of tine calcareous material 
cement-ed by colloid silica or amorphous siliceous material. 

The structure of the rock, then, somewhat resembles that seen 
in Jicds 10 and 11 of the Devon (•enomanian, namely, separated 
calcar(M»us fragments cemented together. The similarity is even 
carried further by the absence of Globif^eriwt' and ‘ spheres,’ and 
by the comparative rarity of - prisms, while shelly 

])article8, whoso derivation is uncertain, abound in both deposits. 

The differences between Bed (J of La Hi ve and Bed J 1 of the 
Devon scries arc the abundance of sponge-spicules and colloid silica 
in the former, and tin? greatly superior size of the glauconite- and 
quartz-grains in the latter. Moreover, the rock of Bed 0 never 
becomes a crystalline limestone, and is usually in a condition which 
admits of it-s jmrticlcs becoming readily detached. 

Hard bods and semi-crystalline iumj)8 do occur, e8])ecially at 
Hi. Jouin, but nothing in tlie specimens we brought home, either 
from this locality or La Ht*ve, completely i>arallols the granular 
structure of Jlods 10 and 11 <»f Devon; in one from Vimoutiers, 
however, this st ructure is almost exactly reduplicated. 

Tlie j)rcsenco of so raucli <[uartz and glauconite, the abundance of 
8ponge-8]ucules, and the absence of (Jlobujerum and spheres seem to 
show that this part of the Cenomanian was laid down in shallower 
w'ater and ncuror a coast-lino than the English Chalk Marl. 


Bi’iU 7 nnd 8 . 

Prom near the base of Bi‘d 7 the rock ])uascs to a dcf^osit which 
we may conqiare with our (i rev Chalk, it consists of the usual 
amorjdious calcareous matter, in which are scattered small shell- 
fragments, a few calcareous spheres and foraminitera. Olohigeruur 
continue rare. Sponge-spicules occur, but are h ss numerous, and 
there is little or no colloid silica. The (’balk at this horizon differs 
from its English equivalent in the ])resence of sponge-spicules, and 
in the occurrence of grains of glauconite and quartz. It is true 
that minute particles of both these minerals are to be seen far up 
in the Drey Chalk in the neighlxnirhood of Warminster and Devizes, 
but neither are found commonly in the (lialk of the Isle of Wight, 
whicli approaches most closely (so fur as distance is concerned) ta 
that of Cape La Heve. 

Specimens taken from the base of the Turonian at Brunval show 
that the Chalk at this horizon is full of ‘ spheres ’ and Imeeramu^ 
prisms, and is similar to that at the base of our Middle Chalk. 
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Calvados and Or no. 

South of the Seine we confined our examination of the litho- 
logical characters of the CJenoinanian to ileds and (>, In this 
direction wo saw nothing corresponding to the ‘ (laize/ and whore 
the top of Bed 4 was exposed the material was a soft and exceod- 
ingly glauconitic sand. vV specimen from Bed 5, near Hontleur, 
compares with the btise t>f Bed t» at Iai Heve rather tlian the Chloritic 
Marl (lk*d "j), except that it contains so many large glauconitic 
grains, (piart /.-grains being - in rather small quantity. Neither do 
sponge-spicules or colloid silica occur commonly in this specimen. 
The cerncnting-matcrial of the hard lumps found in this bed is 
crystalline caloite. 

Southward of Jlontleur we find a steady increase in the amount 
of quurtz-sund and organic silica in Beds ,*» and (». 

Thus, at Blangy, the matrix of a specimen from l(t or 12 feet 
from the base of the (’enomaiiian (consists — edging hy the eyo — 
of at least ^ of globular colloid silica, and the amount of sand- 
grains ((juartz ) mingled with this is greater than in any si>eeiinen from 
La Ilove. Mica tlnkes can also he recognized, and among tlie sand 
are grains oth(‘r tlnui those of (piart z. (llaueonite is present as usual, 
there are a few Mhell-fragim'iits and inueli amorphous calcareous 
matter ; sponge-spicules an* common. 

Spccinu'iis from Orlfnpict taken at a high(*r horizon, om* about 
20 feet and another from about do feet above tin* base of lied tsshow 
a similar incn'use in the amount of colloid silica and lerrigonous 
material, the relative projKirtioii of this deiTcasing upwards. 

We regret that we omitted t<i secure u series of speeimeim from 
Bed f) at Vimoutiers. Our knowledge of the minute struct ure of 
the Chalk here is ohtaimrd from that ailhering to oiir fossil sjioci- 
mens, their height from the laise of the bed lM‘ing uneertain. Such 
specimens show tliat the conditions noted at. Orliicpad continue to 
this point without much alteration. 

One specimen showing a structure somewliat similar to that of 
Bed 1 1 has already been alluded to. 

Still farther soutli we find that the hasc^ of Bed (J lias completely 
changed from a calcareous to a siliceous r(»ck, comparable with the 
Malm of our Ujipcr tireensand. 

At Gac('', in the hard bed at the base of the (Jenomaniun, the 
equivalent of Bed o at Cape La Here, tint cementing-material is not 
calcite but silica, derived probably from the abundant spicules in 
the deposit, and much of tliis silica lias pass<;d from the colloid to 
the chalcedonic condition. The so-called ‘ Crait? * wdiich overlies 
the basement-bed is so completely siliceous that the reaction in 
acid is of the slightest, while at still higher horizons the defxisit is 
not a chalk at all, but a sandy, micaceous, glauconitic, calcareous 
silt, with many sponge - spicules, amongst which the reniform 
spicules of Geodia ^ are common. 


Identified by Dr. G. J. Hindc. 



142 


HE88BS. J. JUKBfHB&UWNE AND W. HILL : [May 1896, 

Hence it is not surprising that the fauna of the French Ceno- 
manian should differ considerably from the fauna of the Lower Chalk, 
although we firmly believe that they existed contemporaneously. 

VI. Critical Rkharks on some of the Fossiija.* 

The preparation of the following lists of fossils has involved a 
oonsiderublc amount of critical work, in which we have been greatly 
assistijd by Mr. C. J. A. Meyer, F.G.S., and Dr. G. J. Hindc, F.G.S. 
Mr. Meyer has collected and studied the fossils of the Devon cliffs 
for the hist twenty-five jears, and has bestowed much time and 
care upon the identification of the various spcicies of echinoidea and 
mollusca. The differences l>etween tlie lists of these classes of 
animals now given and those in his pa])er on the Deer Head sections 
(Quart. Journ. Geol. Soc. vol. xxx. 1874) are chiefly due to his own 
researches, the results of vvhieh he has generously communicated 
to us. Tliev luive rt'sultcd in some corrections and in many fresh 
identifications among the fossils in his unecjualled collection. Some 
of the Hj)ecimens in this collection have ulrt ady h(‘en figured by 
Lycett and Davidson in the publications of the Palieontographical 
S^iety, and many others art* awaiting the j)repiiration of other 
special monographs. 

To Dr. Hindo we are indebted for examining, and naming so far 
as poBsilile, all the 8p(mge8, liydrozou, and polyzoa collected by 
ourselves in Devon and in Franco. 

Jn order to explain the appearance of certain names in the lists 
of fossils, wo have thought it desirahh^ to set forth the results of 
these combined investigations and to make some critical remarks on 
those specie's whi<]i are interesting, <‘ither from their hting unknown 
in England or from our having found a ditficulty in identifying 
them. In several cases also we have been able to deUTinine the 
identity of English and French species which liad previously borne 
different nam<‘8, and we think that such rajiprochement^ will be 
welcomed on both sides of the (Channel. 

Sj)C)iiges. 

Stauronkma (\\rtkri, Sollas, Ann. Mag. Nat. Hist. ser. 4, vol. xix. 
(1877) pis. i.-v. 

This fossil was first found by one of us in the so-called ‘ Upper 
Greensand' above the Gault at Folkestone in 187(), and was recog- 
nized by Prof. Sollas as a new and peculiar form. In describing it, 
however, he stated that it occurred in Gault and Upper Greensand, 
having understood that the original specimens came from the 
Folkestone Gault, and ]) 08 sessing a specimen from the Isle of Wight 
which he believed to have come from the Upi^er Greensand. 

We think that the latter must have come from the Chloritic Marl 
of the Isle of Wight, in which the fossil is common, while we have 
never seen one from the Upper Greensand. We agree with 

* Mr. Jukes-Browne is responsible for this section of the paper. 
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Mr. F. G. H. Price in regardinfr the glauconitic sand above the 
Gault at Folkestone as Chloritic Marl, not Upper Greensand. 
We have also found Carteri in the Chloritic Marl with phosphatic 
nodules near Devizes and Warminster, and Dr. Ilinde informs ua 
that it occurs at the same horizon at Hast bourne and Sell>orne. 
It is clearly, therefore, a fossil especially characteristic of this 
horizon, though it mav possiblv range a lew feet up into the Chalk 
Marl. 

We are also informi*d by Dr. Ilinde that there are spoeimeus in 
the Dritish Museum from I.a lleve, and we are now able to say that 
it is eommon then- in what we rt‘gard as the equivalent of the 
Chloritic Marl, namely tlu' basal bed of tht‘ Cenomanian, and in the 
bottom of the overl\iiig bed, Imt at no higher horizon. 

Kcdiiiuxlcrmata. 

Gosiornonrs, sp. 

A small specimen from the Chloritic Marl, wliidi has all the 
characters of this genus, but ditlers from (r. lunulalutt in several 
respicts. The apical disc, instead of being iu low relief with u 
large aperture or periproete, has its edges raised into rough tuber- 
cular ridges, whidi, with the similarly raist'd edges of tlu^ jMTiprocte 
and a set of transverst' bars or cuiina*. make a curious pentangular 
pattern in five compartments snrroumling tin? )K‘ripro«te. These 
ridges are not plain and straight, as in G. lunnlatna, hut curved, s(» 
that the outline of the ]K*ntagon is irn?gulur. 

The test is less t levated than in (L lunuhthta ; then? are only four 
tubercles in a row on the into ram bulacral areas, and the lower 
tubercles are very small, there being only thret^ lurgti ones on each 
area. The ambulacral ureas are very prominent, and swtdl out 
towards the mouth. 

Whether this is more than a ver\ alierrant van(!ty of (i, lunuUttvH 
must depend on the discovery of others with tin? same characters; 
hut it differs so much from the types figured by (otteau and Wright 
tliat we felt the desirability of calling attention to it. 

CODIOPSIS noMA, Ag. 

This sea-urchin has not previously been found in Kngland, and, 
as it is sjH'cially characteristic of the Cenonjanian of the Saithe, its 
occurrence in Ih'von is interesting. The determination is due to 
Mr. C. J. A. Me\tT. in whose calanet the mily known English 
specimens are. M. Dizet having kindly sent n» two specimens 
of the large indatx-d form of the species, we forwarded these to 
Mr. Meyer, who reports that his are quite small in comparison. 
Probably they belong to the variety ( *, of Desor. 

Hemi ASTER BtJFo, DesoF, ill d’Orb. ‘ Pal. Fr. Terr. CTdt.’ vol. vi. 
p. 227, pi. ^715. 

This is a common species in the North-west of PTance. It is 
especially abundant at Plangy, Vimoutiers, and Villers-sur-Mer, but 
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no specimen came to hand from Cape La Hove, though d’Orbigny 
quotes it from there. It is a well-marked species, much more 
elevated than //. 7ninimtut^ the anal area being very high and rising 
almost vertically from the base. 

We have not seen anything like this species in England, and 
Mr. Meyer informs us that the Sjjaiangtut hvfo of his Devon list in 
1874 was a mistake, a better specimen having enabled him to 
ident ify it as HemiaHter Morrhiu Mr. Sharman, to whom we sent 
specimens, compared them with all the Cretaceous Hemiasters in the 
Jermyn Street Museum, and did not find any resembling them. 

IIoLASTER HunoRHieuLARis, Rrongn., figured by d’Orbigny, ‘ Pal. Fr. 
Terr. Cret.’ vol. vi. p. IKt, pLs. 814 and 8 1 5. Uol, stihorbicularis^ 
M' right, ‘ Brit. Cret. Echin.’ Pal. Soc. Monogr. p. B14, pi. Ixxiv. 
fig. 1. 

We do not think that the figures above referred to represent the 
same species. D'Orhigny’s figure is that of a rather large cordiform 
urchin, mudi resembling Cai'dianler fosmnits. He describes it as 
sjR^cially characterized by the bulging out of the under surface in 
the hinder part, so that its greatest height is in this post-c^ior 
region. Mon'over it lias a d<‘pressed anal area, and the vent is 
small and ])laced in tlie upper part of this area. The anteal sulcus 
is rather dee]). 

Dr. Wright’s figun* does not show these characters ; there is no 
such marked anal area : the vent, is large and not very high up. 
There is no such jiroinincnt basal iirotuberaiico. The test is ver}’ 
different in shape, and is very much smaller. He himself says that 
‘the English specimens an* small and resemble the urchin described 
as Holnsier ctnoDianeHgis^ d’Orb., which, however, is only a small 
variety of IfoL sithorldculnnsj' He also states that it occurs plen- 
tifully in the Chalk Marl and in its glauconitic basement-bed. 

This last, statement is incom]»rehensiMo to us, as we have col- 
lected largely from those beds, but Iiav(‘ seen very few specimens 
that will conijiare with Wright's figure of Ilolaster mhorhiculoris^ 
and none like d’Orbigny ’s figure. Moreover, in Dr. Barrois’s well- 
known ‘ liescnrches in the Cretaceous Formation of England' we 
find only one mention of llolasttr »uborbiculans{?), and this is 
from the Upper Greensand. 

Mr. Meyer informs us that be has some specimens from Bed 11 
in Devon which agree with Wright’s figure and a few which come 
near to that of d’Orbigny. We have therefore admitted both forms 
into our list. 

Holaster, sp. 

One of the commonest eebinoderms in the zone of AmmonUes Man-- 
Ulli on the Devon coast is a form which differs from any yet described. 
A single specimen might be taken fora small elevated and oval variety 
of Bolast^ 9udHjlobo8U8 ; but, as that species occurs in the same beds 
and exhibits individuals of all ages, this form is either a different 
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spedes or a well-marked and unusual variety of that spedes. It 
is fjenernlly rather over au inch long and rather less than an inch 
broad, and about inch high. It is inflated below', and the vent 
is placed high. The an teal sulcus is houndtHl on each side by a 
ridge, which swells out near the top and gives a peaky character 
to this part of the test. 

Mr. Sharman informs us that it comes nearest to a s|M>ciTnen in 
the Museum at Jermyn Street from the Middle Chalk of Dover, to 
W’hich Prof. Forbes attached the MS. name of ('’ttrtfiasttT Cocl hunii, 

PvcjrRrs L.\s!i'A8, De la Deche, Wright, ‘ Cretaireous Eohinodennala,* 
p. 1?6S, pi. Iviii. tig. 1. 

Tlic original specimen of this sea-urchin Nvas found by Sir H. De 
la lleche near Lyme Uegis in what lie took to he Vjiper (Ireensand ; 
but as it has never been found again in the l‘])]>er (Ireensand of 
Devon, and as Mr. Meyer has obtained a sjiecinien from bis Bed 10 at 
Dunscombe, it probably canic' from tin* same horizon near Lyme Regis. 
Many of the blocks on the shore \ve8t of Lynn* consist partly of the 
tojunost bed of the (Ireensaml and partly of tlie (piart/.iferous grits 
(Reds lo, II. ll^b aTid I)e la Reebe migld w^oll bav(* regarded tbo 
whole mass as (freensand, for what looks like tin* bast* of the (lialk 
succeeds No. Il' (see ji. Ill ). 

This species is oeeusionally found in the* Cenomanian of Lc* Mans, 
and also occurs at Fouras in the (’harente liderieure ; it is therefore 
a cons]»i('iious link between the Cenomanian of Devon and VVostern 
Franco. 

Salknia Clarkii, Forbes, in Wright, ‘ Cretaceous Eebinodonnata,* 
p. 177, jds. xxxviii., xxxix., & xlii. 

A large Saleula occurs in the low<*r part- of the Devon Ccrio- 
rauniaii Red II, and again in tin* bigbest bed (IR). It coincH 
nearer to S. Clarl ii of the I^owor (’balk of Dovc*r than t o any other 
figured 8fK*cics, though it do(\H not quitt? agree wnth Dr. Wright’s 
type. A large sjiecimen mejiKuring more than an inch in diamettT 
has been dejiosited in the Museum at Jerrayn Street. 

Halenia PFriALiFERA, Ag., var. 

Some of the Bpocimens referred to this species also differ in some 
rcspectfl from the type, and somewhat resemble S, mititjera^ Gray. 
The zone of small tubercles on the interamhulacral areas is very 
narrow and sinuous, and the apical ])late exhibits some characters 
which, if constant, would differentiat<; it from petalifera, 

Polyzoa. 

Cebiocava RAMUL 06A, Mich., sp., ‘ Icon, Zoophyt.,’ and d’Orbigny, 
* Pal. Fr. Terr. Cret.’ vol. v. p. 1017, pi. 788. figs. 11 and 12. 

This is a large coral-like organism, branching dichotomously, 
often 4 or 5 inebea in length, and consisting of a number of con- 
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tiguous angular tubes which radiate outward and upward from a 
central axis. It is a very atmndant fossil in the basal part of the 
zone of Amrn(milts Manielli in Devon, especially at Dunscombe, 
Weston, and at Jk'cr Head. 

Hpecimens having been sent to Dr. O. J. Hinde, he reported that 
they strongly rescujbled the L’JuHeteH ramuloHus oi Michelin found in 
the Cenomanian of the Sarthe. Subsequently M. Dizet, of Belleme, 
sent UK a sjK'ciinon found at Condreci*‘UX (Sarthe), w’hich appeared 
to be the same fossil. Dr. Hinde informs us that d'tJrbigny placed 
Mielielin's spi^cies us a ])olyZ(»aii under the name of Ccriocava ramu- 
lorn ; but he thinks that when the sj»ecimens ar(‘ more carefully 
examined it will be found generically distinct Irom Ctrioitora or 
(Jerioc<tva» 

In Morris's ‘(^italogue' (iind ed. IS.Vl, j». 12* >) it is placed under 
Ceriopora and said to occur in the Oreensand of Faringdon. 

Dkfrancia (rKi.AoiA) KroKHii, Mich. 

This i.M anotluM* remarkable foshil, having a W'onderful r(*serablanee 
to a small exjianded eup-eoral ; but it was recognized by Dr. Hinde 
as th(‘ pelyzouti above named, w hic h Miclulin deseiibeH as common 
in the ‘Cbaie cbloritca*' of Vacbes Noires and in the ‘ (irt-s vert' of 
1^ Mans. Only one specimen has been found in the lowest layer 
(Bed 10 of Meyer) of tiie Maittdli-y.oxw near Branscombe. 

Mickopoua. 

Tlic tw’o species c»f Mlcroftont entered in the list of Devon 
fossils, and numbered 4 and 5 respectively, are recognized by 
])r. Hinde us oeeurring alsc» among the sj»eeimens (H»llcete(l from 
the Cbloritie Mari near Cape ],a lU've, although he is at present 
unable to identify Ibeui as described species. 

Hrachiopoda. 

liiivNcnoNKLi.A niMiniATA, Sow., and Kii. alata, Brong. 

In (luillier’s ‘ (Jc'•()Iogie de la Sarthe’ (18S0), and in some of 
M. Bizet’s ])apers on the geology of the Orne and Sarthe, wo find 
lihyhvhonfUa aluta^ Lam., stated to be a common Cenomanian shell ; 
but Davidson (‘Brit. (.’ret. Bracb.’ vol. i. ]), 82) meutious that 
MM. d’Orbigny and Deshayes agree with him in considering the 
}{h. alata of Lamarck as merely a synonym of Kh, vefpertilio of 
Brocchi. 

Later, in his ‘ Supjdement,’ when discussing lUi, dimidiata, 
Davidson states that the names alata and gallitm W’ere given by 
Brongniart to symmetrical forms of this shell, and dimidiata by 
Sow’erby to the unsymmetrical form. It is therefore the RJi. alata 
of Brongniart, and not of Lamarck, which is the common Ceno> 
manian shell. 

Both varieties are very abundant in the Cenomanian of Devon, 
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and we have compared them with a number from different localities 
in France. There is no doubt about the identity of the English 
and French forms, and it is desirable that Sowerby's name should 
be recognized in France us it is in England and (Germany. Rh.con- 
vexa. Sow., also occurs in the French Cenomanian. 

Rhykciionklla Wii-:sTii, Quenst. (1871), and Davidson (1874), in 
Supplement to ‘ Brit. Foss. Braoh.’ p. (>(5, pi. viii. tig. 31. 

The shells referred by Davidson to this s|)ecies arc very common 
in Bed 13, the sandy chalk which overlies !,he zone of AinmoniUis 
Mautdli in Devon. It is a much more variai)le species than Davidson 
seems to have supposed, for be describes it as liaving ‘ about 30 or 32 
rounded ribs,’ and adds that it approaidies most nearly to Wi, Ora- 
tiana, ‘ of which it may perhaps Ik* u large variety.’ 

Having collected many specimens from this bed whenever it is 
found, we cannot agree with Davidson. The shell seems to us 
much more closely allied to M. C’aeo/i, from which it can only bo 
distinguished by having, as a rule, f(*wer and larger ribs. The 
average number seems U* be 24 or 2t», but there are forms which 
have as few us I** and others which have as many as 30; the 
former resemlde A7t. Muntdliam^ except that the ribs are not 
angular, and the latter come so near to the broader variet ies of 
Kh. Cuvitri that, when jilaeed beside tlumi, they are indistin- 
guishable. 

Although both the names Cavirri. and Mantrlliana have boon 
admitted into our list. We believe the Hpecitiums so named are 
extreme vai ielies of one species, which may be callo<l Jth. 
and may be n*garded as the ancestor of Jih. Cuv'url and Rh. reed- 
rtisie, Kth., which occurs still higher in the lonv of lloltutler planue. 

Tkrehratula ToRNACKNsiH, d’Arcli., Mihn. Soc. geol. Fr. ser. 2, 
vol. ii. p. 310, pi. xviii. fig. 3, and varieties figs. 4-5. 

This speci<‘s was founded on specimens from the Tourtia of 
Tournay, and as this deposit is now known to b(; the littoral facies 
of the Cenomanian in Hainaut, and of later date than the zone of 
Ammonilm tlie occurrence of Tourtia forms in the Ceno- 

manian of DevMii and Sarthc is not surprising. 

When Davidson first described the Faringdon fossils in 1852 
he identified certain forms as T. tormtcemde^ var. Uoemeri^ d’Aroh.^ 
though he w.'is evidently for some time in great doubt about them 
(see ‘ Brit. Cret. Brach.’ vol. i. p. 02). .\t that time he imagined 

that the Faringdon »Sand w'as of Upper Drtsmsand ago, and, aa the 
Tourtia was then supposed to be a sort of combined L^jwer and 
Up{>er (irecDsand, he saw no reason why a Tourtia species should 
not occur at Faringdon. 

It seems, indeed, to be a fact that some of the forms of T, deprewi 
and 1\ tornacensuf occurring in the Tourtia are practically indistin- 
guishable from varieties of T. dq^ressa and T, sella which occur in 
the Lower Greensand of England ; but the typical form of T. toma« 

Q. J. d. S. No. 206. M 
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eensig ifi certainly different from the typical T, sella, so that it is 
only the amaller varieties and the distorted forms which resemble 
one another. 

Suhsecpiently (‘ Sapplement,* 1874, pp. 35, 3n), and after 
corr(Hpnnd(M»oe unih Mr. Meyer, Davidson was led to alter his 
opinion ho far as to admit that the forms previously attributed to 
T, tornnrtnah wore really only varieties of T, sdla. 

\V(? aprree with Mr. Meyer in rcfrardiri" T. tornaceneis as essen- 
tially a Cenomanian species, and we are able to state that it occurs 
in the tyi»ical Cenomanian of IvO Mans, where it seems to have been 
confu>(^d with 7\ hiplicaia. M. Itizet has sent us three specimens 
under tJie latter name which in the ojiinion of Mr. Mo er and our- 
selves are tyjjieal T, tornneensis^ differing from hi^dicata hy the very 
charaeters jiointed out hy d’Archiac. 

In Devon a lew specimens have been found by Mr. MeVer in the 
beds d(’Herib(^d by him as 11 and 12 at Beer Head. 

WhetluT the real T, hiplicafa occurs near Mans as well as 
T, iornaenteis wa have no moans of knowing, but it does not seem to 
occur in Ih^von and it does not occur in the Tourtia of Tournay ; it 
is common in the Chloritic Marl of the Isle of Wight, and occurs in 
that of Havre, as well as at Orbi(|uet (Calvados) and Vimoutiers 
(Orne). 

Tbrebratula akenoha, d’Arch., ojk cU. p. 324, pi. xxi. figs. 1-3. 

This is another Tourtia form recogni/.ed by Mr. MeVer in the 
DeA^on Cenomanian, it is a small globose s|K*cies, the surface of 
whieb la ars scattered granules or small tubereules with de]nessed 
summits, so that they resemble minute craters. It might easily be 
passed over as a globose form of Meijerlia lima. 

Terkbratitla VERNKriui, d’Arch., op, cit. p. 326, pi. xx. fig. 4. 

This shell is not likely to be mistaken for any other sj)ecies, as it 
bears a very remarkable ornamentation on both valves. They 
display u st'ries of short, strong ridges, arranged in concentric rows 
and separated by oval indentations or hollows, so that the shell seems 
covered by a ruisid eroehet-work pattern. The hollows are deepest 
at the top, and those of one row lie below the ridges of the row 
above. In the adult shell these ornamental ridges die away towards 
the edge of the shell. 

Mr. Me\cr has found this form in the same bed at Beer Head 
as that which contains T, tomacemis and T, araiosa, 

Terbbrattjla capillata, d’Arcb., and T. squamosa, Mantell. 

We think that there is a much closer connexion between these two 
species than has hitherto been 8up}x>sed. In discussing the rela- 
tions of T. cnpidlata Davidson only distinguishes it from T, depressa, 
to which d’Orbigny had imagined that it had some resemblance ; 
and in describing T. squamosa he does not mention T, capillata. Yet 
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it 18 only necessary to look at plate v. of his Monograph, where 
both sht 11s arc figured, to see how nearly they approach one another 
through the least lanicllose variety of T. squamosa (fig. 11). 

Davidson says that T. squamosa is very common in the ‘Craie 
ehloritee of Kouen ’ : it may be so, but in the middle of the ‘ Craie 
glauconieuse of St. Jouin ’ we find a form which is quite destitute 
of squamoMc ridges, and is ornament<‘d with nearly straight but, 
slightly undulating, eajulliform stria*. Kxcept that it is of small 
sizf, it agrees more closely with d’Arehiae’s figures of T, capiVata 
(Mem. Soc. geol. Fr. ser. 2, vol. ii.) than wit h tlie 7\ capillata of the 
Ked Chalk figured by Davidson. 

In this eonne.xion we would recall the fact that T. capillata 
has bt*en fouinl by one of us in the TotternluH* Stone or ‘Grey Bed’ 
of Lineolnsbire, and ronse(|uently well up in the l^ower (’halk (see 
Quart. Jfuirn, (ie^*l. Soe. vol. xliv. j». IllJI). It has therefore a wider 
distribution in beds of (Vnoinanian ago than in those of earlier 
epochs, and we are inclined to think that the Lower (ireensand form 
figured by Davidson may have to be* 8 e])arutod from it. 


1 jam el 1 i brand i i at a. 

OSTRKA CAXALICULATA, Sow. = 0. LATKRAI.IS, NilflS. 

This is the* ( hama canaliculata of the ‘ Min. (/oneh.* vol. i. pL 20. 
fig. 1 (1 sllJ), not the Ostrea canaliculata of a lati*r volume (pi. 1115. 
fip- 1). 

The Chama citunlicuhtta of Sow'erhy is the Ostrea lateralis of 
Nilsson { L^-7), as ]»<»inted out by d’Orbigny ; and, h/iving compared 
many French and Kiiglish siwcinums, W’e agree in regarding them 
as the sfime shell, hut Sowerhy’s name has the priority. 

The shell whi( h S(»werhy called Ostrea canaliculata cannot bear 
that name, and, as it seems to be identical with the O, lunata of 
Nilsson, it should he so designated. 

0. canaliculata (Sow., Hj>.) is a characteristic Cenomanian eholl, 
and O. lunata belongs to the highest White Chalk of Triminghain 
and Mundesley. 

Pecter irterstriatub, Leym. 

This name has frequently appeared in lists of Crotaoeoui fossils, 
and has l)een applied indiscriminately to Lower and Upfier Greta- 
ceou,H Bj)ecie 8 . J>*y meric, in 1842, gave the name to an Aptien 
BjKJcies which is figured by d’Orbigny under that name in the ‘Pal. Fr. 
Terr. Cret.’ pi. figs. 1-5, but in his • Prodrome’ (vol. ii. p. 169) 
he changed the name to aj/tiensisjhcc&usc he found that interstriatus 
had been used for another species by Munster in 1841. The latter 
name, therefore, should not be used for any of the Cretaceous Peetens, 
The Low’er OreenBand species {P. aptiensis) has its own distinctive 
characters and does not range into Qault or Upper Greensand 
though it doubtless was the ancestor of the later interstriate Peeteru, 

Ji2 



150 


MBSSBS. A. j. jruKEs-BROWBr£ AND w. HILL : [May 1896, 


Peotek Dutemplbi, d’Orb., and Pbcteh Gallienkei, d’Orb. 

These arc two of the species which have gone by the name of 
intertirkituH in England. P. Dutemplei is described by d’Orbigny 
as having plain narrow ribs between the larger ornamented ribs^ 
and as having its ears marked only by vertical lines of growth, 
P, Galliennei he describes as wanting the intermediate ribs and as 
having several strong radiating ribs on the buccal ear. The first 
is su;>posed to be confined to the Gault (Albien) and the second to 
the Cenomanian. We do not feel certain that the latter is more 
than a variety of the former, or that they are confined to separate 
stages. M. Bizet has sent us a specimen from the Cenomanien of 
Condrecieux which he calls P. Galliennei, though it has the inter- 
mediate ribs of DutempM. Specimens from La Hove, Warminster,, 
and the Cenomanian of Devon do, however, agree better with GaU 
liennei, and we have therefore so named them. 


Pecten Passyi, d'Arch., Mem. Soc. geol. Fr. ser. 2, vol. ii. p. 309, 
pi. XV. tig. 9. 

This is a fossil from the Tourtia of Tournay, and has a consider- 
able resemblance to P. Gallienmi, d’Orb., but is describtd as having 
perfectly straight, regular, and plain ribs, without any scales or 
nodulations. The interspaces are striated in the usual manner. 
Mr. (/. J. A. Moyer has specimens w'hich possess these characters 
from his Bod 1 1 , Dunscombe Olifi. 


Pectkn SUBINTKRSTRIATUS, d' Arch., Mem. Soc. geol. Fr. ser. 2, vol. ii. 

pi. XV. tig. 10. 

Specimens which agree with the figure and description of 
d’Archiac occur in the Cenomanian of Devon. It is distinguished 
from the other interstriatc species by its more numerous ribs, which 
are in low relief and are crossed by tine concentric lines of growth, 
each line where it crosses a rib developing a small short scale. 
These scales are much more numerous and ranch less prominent 
than those of Galliennei ; they are most strongly marked on the 
anterior portion of the shell, and are mere slight ridges on the central 
ribs. The ears are plain or marked only by vertical lines of growth ; 
the anterior ear is much larger than the posterior. 

D’Arohiac figures only a right valve, and, as Leymeric only figured 
a left valve of his P. intereiriatm, d’Archiac cautiously remarks that 
his specimen may be only a right valve of that 8i>ecie8. We have, 
however, a left valve wliich is clearly that of suhinUrstriatus, the 
only diflorence being that the ribs are rather fewer and placed at 
lees regular intervals. 

The P. 9 ubinterstriatui figured in Dixon’s ‘ Geology of Sussex,’ 
pL xxviii. fig. 19, is wrongly so named, but is doubtless the P. cre- 
ioius of Defrance (non Gold!.), as stated on p. 38fi of that work, thie 
P. erU 09 us being probably the same as P. nitidus, Mantell. 
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Pbcten XLOK 6 ATI 78 , Lam. 

There is much doubt about this species, because the figures given 
by d’Orbigny and Goldfuss are not alike, and because d*Orbigny*8 
description does not agree with his figure. We take d’Orbigny’s 
description as the best guide (‘ Pal. Fr.’ p. 607), and from this we 
learn that it has ik) to 40 unetiual ribs, sometimes alternating 
large and small ribs, sometimes grou^n^d in threes (one large and 
two small ones), each having prominent lamellose scales at intervals. 
His figure, however, does not express these characters at all clearly. 
We have found specimens at Ia\ Hove which agree with his descrip- 
tion exactly and are also identical with s|>ecimon8 from the Lower 
•Chalk of England which wo have been accustomed to regard as 
P. elontjatu*. In all of them there is a marked tendency for the 
ribs to be arranged in threes, a large one in the centre with a small 
one on each side. 

Dr. Barrois states' that this species is identical with the form 
figured under the name of /*. cretosits by (Joldfuss J'etr. Germ.* 
pi. xciv. fig. LM, and the figure certainly agrees with (rOrbigny’s 
descript ion. 7*. elowjutua of Goldfuss is a Tertiary spociuH. 

It differs from I*. Marrotinnus in not havitig two minor ribs 
between each of the groups of three, in being much loss regular, and 
in having much more prominent scales. We have not He<m this 
s]>ecies from the (’enomanian of Devon, though it ought to occur 
there. 

Pectkn cf. PrzosiANUs, Math, in d’Orh., ‘ Pul. Fr. Terr. Cret/ vol. iii, 
p. 010, pi, 4B7. figs. 1-4. 

This is another ctiso in which d'Grhigny's figure and description 
do not entirely agree. The figure shows porfectly plain ribs of 
unequal breadth, but set close t(»gether, interrupted only by con- 
centric lines of growth ; yet d’Orhigny says that the ribs are fur- 
nished on the sides wiMi imbricated plates : he adds, however, that 
these plates are wanting in the middle of the shell, ‘ but may there 
have been abraded.’ 

We have 8|Kiciinen8 both from France and from Devon which 
much resemble the figure, except that their ribs are rather fewer, 
flatter, and more strongly marked, but there is no trace of their 
ever having borne imbricating jdates ; j)OHHihly those were very 
delicate and easily removed. From its occurrence in the typical 
Cenomanian country we think that this must be the shell described 
by d’Orbigny. 

Pectex subacuxus, Lam. in d’Orb., ‘ Pal. Fr. Terr. Cret.* vol. iii. 
p. GOo, pi. 435. figs. 5-10. 

We had found a Pecten in the lowest part of the Devofi Cenoma- 
nian which seemed to be this species, but its state of preservation 

^ ‘ M^m. fur le Terr. Cr6t. det Ardennes/ Ann. 8oo. g6ol. du Nord, voL V. 
<1878) p. 318. 
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was not good enough for certain identification. Fortunately, 
however, M. Bizet was so kind as to send us two specimens of 
P. iubacutus from the Sarthe, and these enabled us to satisfy our- 
selves that the Beron sjKfcies is the same. By the same means also 
Mr. Meyer has been able to identify a specimen in his collection. 
We have not seen it from any other locality, and it is another of 
the links which connect the Devon beds with the Cenomanian of 
the Sarthe. 

Pecten, sp. 

A 8[>ecies occurs in the Cenomanian of France, and also in the 
liigln^st greensand of Warminster, wtach we have not been able to 
identify. It bears a certain njscmblaiice to P. liaulinianas of the 
Gault, and appears under that name in some lists, but the ornamen- 
tation is really very different. The shell boars a large number of 
narrow ribs, nearly straight, but of unequal size*, smaller ribs being 
frequently, but not constantly, developed betwetm those of normal 
size. Each rib hears a number of strong, triangular, spinous 
])roce88C8, arranged longitudinally, and projecting almost vertically 
upwards. Borne of the smaller ribs bear similar but more slender 
spines, and some are nearly smooth. There are no striae on the 
inters])acc8. The ears are not preserved on the few specimens that 
vre have examined. We are not sure that it occurs in Devon, though 
some badly-preserved specimens resemble it. 

Lima simplex, d’Orb., ‘ Pul. Fr. Terr. Cret.’ vol. iii. p. 545, pi. 418. 
figs. 5-7. 

In the low’er and most fossiliferous part of the Devon zone of Am- 
monites Mantel li there are several large, smooth sjKcies of Lima^ and 
liaving obtained a specimen of Lima simplex from the CVnomanian 
of Vimoutiers, W'e find that one of the Devon species bears a close 
resoniblunco to it. It is large, compressed, and smooth over the 
greater jiart of the shell, but has a few' narrow grooves on the 
anterior and posterior sides of each valve, w hich produce a sort of 
false ribbing on these portions of the shell. 

Lima Hoperi, d’Orb. (non Sow.), and Lima Calypso, d’Orb. 

D’Orbigny’s figure of Lima Hoperi has led to some confusion, for 
it is certainly not the Lima J/o/H’ri of Sowerby and Manteil, which 
is common in the Upper Chalk (Senonien) of England, especially in 
the Margate Chalk. Assuming d’Orbigny’s figure to be that of an 
adult specimen, it is much smaller, more compressed, and orna- 
mented all over by shallow pitted grooves; whereas the true 
L, Hoperi is u large shell, more inflated, and smooth, except over 
narrow spaces on the anterior and posterior sides of each valve, 
which have a few faint grooves. 

In the Cenomanian of Devon there is a Lima which somewhat 
resembles the shell figured by d’Orbigriy as L, Hoperi^ but it is 
more inflated, and has a deeper and more irregular set of pitted 
grooves over the greater part of the shell. This may be the Lima 
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Califpso of d'Orbigny, described in his ‘ Prodrome,’ vol. ii, p. 107, as 
very near voisine ’) to L, but with more numerous punctated 

grooves, and occurring in the Cenomanian of Koueu. 

CoRBis ROTUNDATA, d*Orl>., ‘ Pul. Fr. Terr. Cret.^ vol. iii, p. 113, 
pi. 

This is another shell, oocurriii*; in the Devon zone of Ammonites 
Uanteili^ which the ac«pusition of French sjHjciinens has enabled us 
to identify. Wo should mention, however, that Mr. Moyer has 
spociinons which he had previously determined to be C, rotumiata. 
It is common in the sandy facies of the CVnoinaiiien at Vimoutiers, 
Gace, and Mort ague, though t he shell so often remains in the matrix 
that it is dithcull to obtain more than casUs of it; the same is the 
ea>o in Devon, hut a comparison of the casts leaves no doubt as to 
the ideiititication. 

Arca MOKiaKNsis, d'Orb., ‘Pal. Fr. Terr. Oel.’ vol. iii. p. 227, pi. 317. 

This is another eommon shell in the Fri'iich Cenomanian which 
had been dclocied in the Devon liods by Mr. Meyer. Having 
obtained several casts of it from Vimoutiers and tdsewbero, we are 
also able to stale that it is common in the hard rocky haHement.-bed 
of the Lower Chalk at ('hard (commonly culled ‘C'hloritic Marl ’). 

Ti'.ioonia akfinis, Sow*. 

This .spccit^H was at first regarded by Lycett as only a variety of 
Tr. Park, (see * lint. Foss. Trigonia*,* Pal. Soc,. M^mogr, 

p. IM hut in his Addenda (p. l<S7)he separates it again, and points 
out the characters by whielut is distinguished. The only spoc.iiuonB 
wliicli ho rcters to this sjK’cies are one said to have oonie from 
Blaekdown, now in the .Ii-rmyn Mreet Muse*, mi, one from Haldoti 
(Mr. Yicary), and one in Mr. Meyers collection, from near Axmouth, 
which Mr. Meyer informs me came from his lied 1 the upp<rr part 
of our zone of AmtiionUes Mantelli, It is thcrefor^^ a rare shell. 

TuiiioNn nu.N8( oMiiKNsis, L} Celt, ‘ llrit. Fo.ss. Trig.’ Pal. Soc. Monogr. 
]). 1 pi. xl. figs. 5, (i. 

Thi.s .‘'pecies was entered in Mr. Meyer’s list of I.S71 as ‘ sp. 
allied to Tr. HtnuuVt^ Park.,’ and w'as deserihed as a new' H[)ecies by 
Lycett in 1'577. Mr. Meyer informs us that it occurs throughout 
the zone fd Ammonitts \u his lleds lo, i|, and 12, at 

DuuscoiiiIk.*, llranscombe, Whit«*c)iff, and I^inliay. 

It is allied to 'Tr. ajjinis and 'Tr. e.r cent r tea., but tliough he dis- 
tinguishes it from these, Lycett does not attempt to disentangle the 
foreign synonyms, neither does he record 'Tr. dauscomhrrutle from any 
other localities. Under 'Tr. t.vcminra he gives tlie Tr. Hinuata, Park,, 
in d Orbigny as a synonym, and notes that d’Orbigny records this 
Tr. sinuata from the lower beds of his Terrain Turonien (i. e. Ceno- 
nianien) at Lo Mans, St. Calais, and Condrecieux in the Surthe. 
We have not been able to obtain specimens of this Tr. sinuata, but 
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we think it is very likely to be TV. dunscomhensis, for we now know 
that the beds are of exactly the same age. 

The true TV. smuata of Parkinson is only the young state of 
TV. excenirica^ Park., and Lycett states (p. 189) that there is no 
certain record of Tr, excentrica occurring in a higher position than 
the Blackdown Greensand. Mr. Meyer tells us that he has 
Tr. fxcmtrica from his Bed 2 (the horizon of the Cowstones of Lyme 
llegis), but that it does not occur in the zone of Ammonites Mantelli, 

Tkigonia debilib, Lycctt, ‘Brit. Foss. Trig.’ p. 189, pi. xl. fig. 8. 

This is another species akin t-o Tr. ajffinis^ but is at present only 
known from Bed 10 of Mr. Meyers notation at Dunscombe. 
Lycett thinks that it is the young of a much larger species, but 
states that it is quite distinct from the young of any of the known 
‘ Greensand * species of Trigonicp glahrce. 

Tkigonia crenulata, Lam. in d'Orb., ‘ Pal. Pr. Terr. Cret.' vol. iii. 
p. 151, pi. 295. 

Mr. Meyer has a specimen of this si>ecieB from Bed 12, obtained 
from a block on the shore of Pinhay Bay, near I>ynie llegis. It 
is said to be a common fossil in the Cenomanian of Vimoutiers and 
Gnce, as well as near Le Mans, but we only succeeded in getting 
casts of TrigonicK which might belong to it, or to the next. 

Trigonia CRENFLiPERA, Lycctt, ‘Brit. Foss. Trig.’ p. 189, pi. xl. 
figs. 1, 7, 9. 

This was separated from TV. nrnvlafa by Lycctt, the species 
being founded on specimens in Mr. 'Mt'yer's collection. They came 
from Beds 1(> and 11. ‘The chief distinction consists in the promi- 
nent zigzag costclla? upon the area and escutcheon,’ and the median 
furrow* of the area is a ‘ deeply impressed groove ’ {oj). rit.). 

Tbioonia Mkykri, l.ycctt, ‘Brit. Foss. Trig.’ ]>. 125, pi. xxiii. fig. 6. 

A shell belonging to the alifonnis group; it was referred to 
TV. ahrupfit. Von Buch, by Mr. Meyer in 1874, but Lycett gave 
good reasons for regarding it as a new^ sj>ecie8, and named it after 
its discoverer. It occurs in Beds 11 and 12 at Dunscombe and 
Pinhay, and has also been found in the fossiliferous basement-bed 
of the Chalk at Chardstock. 

Trigonia Vicaryana, Lycett, ‘ Brit. J'oss. Trig.’ pp. 141 & 203, 
with figs, on pis. xxiii., xxv., xxviii., & xl. 

Lycett fully discussed this species, which he distinguished from 
Tr, Archiacinua^ d'Orb. (an Aptien species). He subsequently 
adopted Mr. Meyer's opinion that TV. Archiaciana does not occur in 
the Upper Greensand or Chloritic Marl of England, the Haldon 
specimens referred to that species belonging in reality to TV. Ft- 
argana. 

Both Meyer and Lycett aw indued to regard the TV. spinosa of 
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d’Orbigny, a common Cenomanian shell, as a synonym of this species. 
It is certainly not the true TV. spinosa of Parkinson, and, having 
•compared a specimen from the Chloritic Marl of Havre with 
d’Orbigny’s figure of Tr. gpinosa and with examples of TV. Vicaryana 
from Devon, we believe them to be identical. TV. Vicaryana is 
therefore a common shell on both sides of the Channel. 


Ccphaloj>oda. 

Ammonites complanatus, Mant. 8eo Shnr[>o, ‘ Chiilk Mollusoa ' 
Pal. Soc. Monogr. p. IP, pi. vii. figs. =:.*!. [AiryillifrtianuSf 
d’Orb., ‘ Pal. Fr. Terr. Cret.’ pi. xcv. 

Having found a sjiocimeii of this rare shell in a fallen moss of 
lied 11 on Pinhay beach, west of Lyme Jlegis, it. is interesting to 
observe that ShariK) identifies it with A. LtrgilUevtianus, which has 
been found in the Cenomanian of Itoinm, and also in that of the 
Farthe, according to M. (inillier (‘(leologio do la Sarthe,* 1880). 
M. Guillier apparently considers the two forms to ho distinct 
s|>ecie8, for ho enters both of them in his list. Th(» original English 
S|)ecimen was found in tlu' (/hulk Marl of llamsey, near Lewes. 

Ammonites cuojipiialus, Sharpe, ‘Chalk Mollusca,’ p. lil, pi. xiii. 

fig. 4. 

Tliis is another very rare ammonite, of which only one specimen 
was known to Mr. Shar|»o, obtained from the base of t ho Chalk in 
Man of War Cove, Dorset. Our specimen was found in th<i sandy 
chalk, lied Cl of Mr. Meyer, in the cliff below Whitlands coast 
guard station, west of Lyme Regis. 

Ammonites GorpiLiANUs, d’Orh., ‘ Pal. Fr. Terr. (Vet.’ vol. iii. p. JUT, 
pi. xciv. figs. I Jl ; and Sharpe, ‘ Chalk Mollusca,’ p. JIS, pi. xvii. 
figs. 5 & fi. 

This is a sharply-keeled ammonite, with faint, ly-marked sigmoid 
ribs, resembling A. mriana in form, but distinguished by its suture. 
Mr. Meyer has found one specimen in Hod IJl below Whitlands. 
Mr. Sharpe hod only seen one obtained from the ‘ Grey Chalk * 
of Hamsey (? Clialk Marl). It has not lajeii found in the Cenoma- 
nien of Western France, but occurs in beds of Turonian age at 
Kaumur on the Loire. 

Ammonites laticlavius, Sharjie, ‘ Chalk Moll.’ p. JU, pi. xiv. fig. 1, 
This form was only known to Sharpe from the Chloritic Marl of 
the Isle of Wight, but it has since been found in the up|>er part of 
the Lower Chalk of Yorkshire (see Quart. Journ. Geol. Soc. 
vol. xliv. 1888, p. 351). Dr. Barrois has found it to be not un- 
common in the zone which he calls by its name in the North-east of 
Prance, and which appears to be equivalent to our Chloritic Marl. 
In Devon, Mr. Meyer has found a in Bed II. 
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Ammohitss OBTECTU8, Sharpe, ‘ Chalk MolL’ p. 20, pL vii. fig. 4. 

This is another peculiar ammonite described by Sharpe from a 
single specimen obtained by Mr. Wiest at Chardstock, and is one of 
the many species which occur at that locality and on the coast. 
The specimen found by Mr. Meyer came from his Bed 11, Duns- 
combe, and this and one ‘ from the ^ Chalk with many Micrasters ’ 
of Dover arc, so far as wc know, the only others yet discovered. 

Ammokites Kenevieri, Sharpe, ‘ Chalk Moll.’ p. 44, pi. xx. fig. 2. 

This is a rare I^wcr Chalk fossil found in the Isle of Wight and 
near Dcivizes, and also obtained by (jm^angcr in the Cenomanian 
of Le Mans, so that it is one of the species which links the Devon 
Ixids with the Low^er Chalk, on the one hand, and wdth the typical 
French Cenomanian on the other. Mr. Meyer found it in Bed 
on a large lallen block below Whitlands, near Lyme Regis. 

Turkilites Bkciiii, Sliarpe, ‘Chalk Moll.' p. Off, pi. xxvi. fig. 13. 

The original sjufcinien of this was found near Lyme Regis by 
Sir H. De la Beclm. Mr. Meyer has obtained specimens from his 
Beds 12 and 13 (see list). At present it is known only from 
Devon. 

Ammonites (Acantiioceras) pentago.nus, sp. nov. (PI. V. figs. 1 

& 1 o.) 

This shell has some resemblance in general shape and curvature 
to the lluttened forms of Ammonites Mantelli^ but in the number 
and arrangement of its dorsal tubercles it resembles A, Deverianus, 
d’Orb. 

Only one sjiecinicn has been found, and this is figured in PI. V. 
figs. 1 & L/. Its dimensions are: — longost diameter 4 inchcvS, shortest 
3 inches ; height of last wliorl inch, and width of mouth about 
1*6 inch. 

The whorls are about three parts involute, and the umbilicus is 
consequently small. The sides are flattened and the back rounded. 
A certain number of ribs, probably about 18, start from a set of 
tubercles, which surround the umbUicus, but on the sides other ribs 
come in, one or sometimes two between each of the first set, all 
becoming of nearly equal size and passing regularly over the back. 

Each rib bears five oquidistunt tubercles, three on the back and 
one on each side of these, where the back curves to meet the sides. 
Thus, viewed from the back, five rows of tubercles are visible, the 
median row being the most prominent, and the two outer rows being 
the least elevated. 

The ribs and tubercles are best developed in the younger part of 
the shell. In the body -chamber beyond the last sutural line some 
curious changes take place ; for a space on the sides the ribs almost 
disappear, then the tubercles on the back become smaller, and near 

* W. Hill on tlie Chalk of Dover, Quart. Jouru. Geol. Soc. vol. xlii. (1886)- 
0.242. 
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the mouth there is a set of strong, plain, rounded rilis without any 
tubercles, which pass over the back and along the sides till they 
nearly meet the ribs which sUirt from the umbilical tubercles. 

It is most nearly allied to A, I)i^*rrianus^ but this species, as 
figured by d'Orbijfuy and Sharpe, diders in the following particulars: 
it is much less involute and more intlatiHl than A, j>enUtgonus^ it 
has a much wider umbilicus, there is an extra row of tuborclos 
along the middle of each side of the slndl, and the median dorsal 
row is less promiiumt. FiiiaUy tin' ribs on the sides ot the body- 
chamber break uj) into a number of large nodular tubercles. 

The fossil now descrilnnl is a phospliatic cast, and wjw found by 
one of us ( A. J. .1.- It. ) in the gluueonitic elj.ilk [ f Bed IB) above the 
Eone of Ammon it* tt Mnnfdli, in a fallen block at Humble Point, oast 
of Charlon Bay, near Lyme Uegis. 'riit' name j*rnt(igonnjt refers to 
the pentagonal outline of the dorsal surface. It is doubtless a 
derived fossil and is a.ssociated with A,hippoca»tnnnm^ A.mirirnlaris, 
and iScaphites at/ualis. 


Ammonite ( Acvntiiockuas) iiiermrASTANUM, Sliarpe, var. com- 
I’Ri-^^Hrs, nov. ( l‘L V. tigs. 2 4 a.) 

The sjK'cimens to \vlii< h we hen' <iraw attention may be n'gardod 
as a Variety of tin' above sjK.'cies, but m) ditl»*rent are tln'y in general 
ap]»carance that we were at tirst inclined to regard them as a dis- 
tinct bp<'cies. Tiny do not, however, differ from A. /iijtpociiHtanum 
more than some varieties of y|. vat'iaiat do from A. ( onprl^ and in 
both cases intermediate forms occur. Messrs. Sliarman and Newton 
have kindly examined the speciiiiens and concur in this vic'W. But a 
form w'hich departs st» greatly from the tigured type Heems to merit 
description and illustration, esiKadally as it is by no means 
uncommon on tin? Hevon coast, in the lay<‘r of phosphatic noduh^s 
which are often cemented b) tin? top of the yi. M a nttl/i - 7.0110 
(Bed l:i), and in the overlying glauconitic clialk ( Bod IB). It may 
be mentioned that the ordinary inflated form of yl. hippocastannm 
is present in the same beds. 

For the compres-sed form now described the varietal name of 
compres4tus is proposed. The dimensions of that figured in IM. V’. figs. 
4 & 4a are: — longest diameter \'2 inch, b'sser diameter ahoiit, 
(seven-eighths) of an inch, w idth of the moiith about ‘B of an inch. 
The whorls are broad, the sides flaftened, and the hack elevated. 
About tw’enty tubcrculated ribs pu.ss over the back, luit, nearly half 
of these die away on the sides, converging to u row' of tt’ii or eleven 
tubercles which surround the umbilicus. 

Viewed from the back, five rows of tubercles arc visible, but tho 
two outer rows are small and distant. The three inner rows aro 
Bet close together along the back and are laterally compressed, so 
that the back is narrow and has a vcjry difFerent aspect from that of 
the t}'pical hipitocaHanum^ which further differs in having large and 
prominent lateral tubercles. Nevertheless varieties occur which 
Beem to link this form with hippocastanumy and one of them is 
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figured in PI. V. figs. 3 & 3 a. This has only about thirteen ribs to the 
whorl, and only five umbilical tubercles ; the whorls are narrow and 
less involute, all characters which bring it closer to the typical form, 
hut the narrow back and flattened sides keep it under the variety 
eompressns, 

A third variety comes still closer to the hipi»oca8tanum of Sharpe, 
being more inflated and having more prominent lateral tubercles ; 
the bark, however, resembles the variety campressm in the close-set 
rows of elongate* and laterallj^-compressed tubercles, so that its 
characters are distinctly intermc?diate lK‘tween the two extreme 
forms. This is figured in PI. V. figs. 2 & 2 a. 


VII. Lists of Cenomanian Fossils found in 
Devon and in Normandv. 

1. Fossils from the Cenomanian of Devon. 

The following list represents the fauna of the b(‘(ls that we have de- 
scribed in Devon, so far as it has been worked out. have grouped 
them in three columns only, for the reasons stated on ]). 142. The 
bod A of this list includes fossils obtained hy Mr. Meyer in his Beds 

10 and 1 1 from all localities excejfl Beer Head, where we regard his 

11 as part of 12. Bed B is t he same as his BchI 12 plus the 11 of 
Beer Head only, Mr. Meyer having informed us which of his fossils 
came from the 1 1 of that locality. Ik'd (’ is Mr. MeVer's 13. 

The fourth column shows how many of the fossils found in the 
Cenoinuniaii group of the coast occur also at the base of the Chalk 
near Chard ^ind Chardstock. This column is a nearly eomj)let© list 
of the Chard fauna, for there are very few of the fossils found there 
which do not also occur on the coast. 

The lost column in(licut<‘s the species occurring in beds A, B, and 
C which are also found in the true Cenomanian of tlie North-west of 
France — i. <*., of the departments of the Seine Inferieure, Calvados, 
Orne, and Surthe. 

The letters hy which the fossils are indicated in the first three 
columns have the following signification : — 

S moans: collected by ourselves or by Mr. Hhodes for the Geo- 
logical Survey. 

H means ; identified by Dr. Hinde from specimens sent to him by 
ourselves. 

M means: identified by Mr. Me or from specimens in his own 
collection. 
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Dkvon. 

Chard and i 

ChardftoclL j 

N.W. of j 

France. i 

Bed A. 

Bed B. 

Bed C. 

Sp01»GK8. 






If^asmMtoina conaohrinum 

II 




ft 

»P 

11 





Tmnafot'f/sfia d Orhiom/i^ Hi Tide 

li 

... 



ft 

„ aiphittundfs. Mil'll I 

» 

... 


... 

ft 

Jseinafinioti caltfvuiatum 

11 





.. SP ; 

11 





Htdkoeoa. 






Portittplurra, up 

11 



... 

ft? 

?Geiiu* (coTuicntric layem) j 

11 





? Ocuus (tubular) 1 

H 





A(Ti:io7.oa. 






MicTa}>acut corcmula, Ooldf, 

S M 


8 M 


ft 

Thamtuintrafa^ »|) 






EcilINOllEltMATA. 






Caratomus ros/raius, Ag 

S M 

S M 

8 M 


ft 

Cat(tpyyu.s colutrdmriits, Lnin 

S 

M 


« 

ft 

Cidarin wsiculoM, Goldl. (li'nt.) 

s 

M 



ft 

„ 8|). (spineM) 

s 





Codiopmh domu^ Deem 


M 




CottaUlia JIcnttti<r, KuMiig 

S M 

M 



ft 

I>Ucvidea ct/inuirica, Lam 


S ? 

8 M 



„ h'avrina 

s 

S M 

8 

« 


,, auhucula, Klein 

8 M 

S M 

8 M 

« 

ft 

Echinobrisaua lacunoauh, Ooldf. 


M 




hxhmocontks caataneua, lirongn 

a 

M 

H M 

» 

ft 

EchiHitcyphiiJs difficUia, Ag 



M 

« 


Ol^ph<K-i/phuif rndiutuH^ lIoeuinglmiiM 



M 

ft 

ft 

Goniophorua lunu/utua, Ag 

jii 





HemiaaUr Mirrrwii, Forbes 


M 



1 

Holaater, «p 

S M 

H 




Holcuder Ueou^ Deluc 

S M 

M : 

8 

ft 


,, „ var. cannatun, Ag 

H M 



? 

ft 

„ auhorhicularia, lirongii 

M 


... 


ft 

„ ndiorhicu/aria, Wright 

M 

1 


ft 


„ suftyioiioaua, Letike 

H M 

8 M ?M 

ft 

ft 

HoUctypua tfiatriatua, Wright 


M 


ft 


Patu 4 Muuiema lienettitt, Forbes 

M 




ft 

.. Brononiartii’f), An 



M 



„ ASichelmif Ag 


M 

M 



„ omatunit GoJdf. 

s’ 


M 

ft 

ft 

„ variolar tf, Lrongn ' 

8 Ml 


8M 

ft 

ft 

Pygttnu lampaa, Dv la Beche 

M ' 




ft 

J^rima ImvU^ Ag j 

1 H i 

. . . 

M 

i ... 


„ JkMntouLvMiiy 1/Arcb 

I : 

M 


1 * 
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Table {continiud). 


KCfIlN<»IlERMATA {c(mt.). ; 

Pffrina ovuhim (?), Ag M 

Salaiia petalifr.ra, J>eHin ? 

,, ,, viir. ifihlni, Ag 

,, Cinrhni (?), Forlx** 

Trernatopy^UH ?, up. 110 v 


1 Devon. 



-*i p; ^ 

^ 1 

3 i 


P3 ' & 

PQ j 

M M ! 



Annelida. > 

Ditrupa. difformh, Lam 

('ra/ro/onVi S(»w ' 8 

I'ermU’ularia ■umhonu-ta. Mant 8 


Crustacea. 


CallianoMa, sp.. 


l*Ol.Y/.(»A. 

h^hara neuntriaea, Mich H 

sp Jf 

Crriopora (sp. 12) II 


H (si». 2r») 11 

Jieptoviuttu'MUsa juipuhria, Mich Ji 

CVricraca rnmulom, Mich H 

Drfrancia {Veiagia) LWmi, Mich II 

Micrtpora (sp. 4) II 

(sp. f)) 11 

liadiopora {CeUuUpom) ornata, d'Orb 11 


Bkaciiiododa. I 

Crania cetwfnanrnsi» (?), d’Orb 

(?), SchliHMib M 

Mfgrrlia (Kingena) iima, Defr 8 

Rhynckcmelia coni'r.ra. Sow S M 

dimidiata. Sow S M 

„ M var. Qallina, Brong. ...j S M 

„ Grasiana, d’Oro 1 S M ! 

„ Ci/uim. d’Orb. i ... ' 

„ Mantetliana {'f). Sow \ ... 

„ Schloenlktvhi, I)a¥ j S M, 

„ Schloenb 

„ if Quenat f 1 

TerebrahUa arenotta, d’Aroh 

„ arcua/a, Roeiu } f 

„ capiUata, d’Arch j 

„ o6asa(?). Sow ^ 

„ ooata, ^w S j 

M semiglobosa, Sow S i 

jsguamoM, Mant S { 


Chard and 
Chnrdstock. 
N.W. of 
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Table {continued). 


« ! O ! 
»a ! ns i 




llRAriiioronA {coni.). 


Tereiiratuhi tornaern.^is, d’.Vroh 

1 M 

M 

M 

TerebrateUa pectifa. Sow 

! s 

M 

,, MenanJi, d’Orb 

i s . 

M 

77trj'idinr/i. »p 

i M : 

M 

'Priqooost'fttufi incrrtii,s, Diiv 

! 

M 

Tcrrltriros/ro h/ro. Sow 

s' , 



LAMi:i.I.lltUAN('lllATA. 

Anemia, up S ; J 

Cha ma ('(trnucopiif (’f ), iVOrb S 

Hxitifi/ra amt CO , Sow S j ] 

I/HHTnumui (I’Orb. {non Mimt.) S Mj . 

„ nfriofn.’*, Sow jS M; . 

,, «p. ((•lonj»nt<M]) S 

Fjima (like in i/rmrJui. iVOrh.) i ... 

,, qlohtiMt, Sow i S 

,, urnoto, (l’( >rb SM : 

„ rapa, d’Orb ; M ! . 

,, rotonunfcnms, (l’()rb i M 

,, »r/n{oni(if(i, trOrb ,S M 

„ atmijoilcafa, dOrb ' M , , 

i, HimpUs. d'Orb S M 

,, tecta, d’Orh ; M ' . 

„ Bp. (willi pit It'd pr<K»v<5») j S 1 

Liihxhmun rupitsutt, iVOrh 8 M' 

I ytodioUi {Mptilua) dirarirato, d’Orb j M j 

I „ „ capitata ?, Z\Uc\ j ... j 

j „ (iucranf/rri, iV Orb ' 

„ ,, linrata. Sow H ' !■ 

,, iifff’rienfiut, d’Orb , 

„ ,, HtriaiiKXjulata, d’Orb j M I 

M (? g«*nuH) Arrarm, Gein M 

„ ,, irregularis. Gem 

Janira trf/uuostata. Lain 8 

,, fpuidricostata, Lam 

,, phoMola, Lain ; ... 

„ gtunquerontata. Sow :S M 

„ cUcemco^ata^ M unfit i M | 

„ sp , M : 

Ostrea rarinata. Sow. ( /rons, Park.) ' S M' 

II hippopodium, Nilw S Ml 

„ diluviana, Linn iS Mj 

„ vencularis, Lam S j 

Pecten attper^ Lam 8 Mi 

„ acuminatuSf Oein M 

M elonoatus{?)^ Lam. (or new ep.) 8 

" Oadrennii, d^Orb. f./. 8 

„ orbicularis. Sow 8 


Chard and 
Cbardstock. 
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Table (continued). 


-< » 6 

J .1. 

» » n 


LamfLiMhkanciiiata { vonf . ). 


Peden Piisoniainm, d'Orb 

„ PanHi/i, d’Arch 

„ rofomagctixia, d'Orb 

,, mhamt.its 

„ gufrinlcrdrintns, (I’Arch 

PlicafuUi inflala. Sow 

tipondylua Dutewylninvn, d’Orb 

,, Ormtlii, d’Arch 

„ n1riaiuy>. Sow 

Anatina lancmlata^ ( kdii 

Area MaiHeniia, d'Orb 

„ (iaUintini, iY^)rh 

liyerieHHis, d’Orb 

«i> 

AMartr n/jirhioidrs, d'Arrh 

„ konini'kii, d’An^li 

Cardifa, np. (cawt) 

Cardium altertMns, Kcuhh 

„ alutavfum, Goldf. 

„ Maillrarium, d’Orb 

,, Hilldnuni, Sow 

Corffiti rof undata, d’Orb 

Cramitclla tnndcnwnnis, d'Orb 

„ ligerien»i\ d’Orb 

Cucullfta, up 

GastrtH'hana, gp 

Lturina turonu'n,Vi< {?). d'Orb 

(Jpia, up 

Pikiuncutus lens, N iltw 

i^lrn <rgu(iti,^, d’Orb 

I’riyoHia affinia, S(»w 

cofitiyrra, Lve 

„ crrnulata, ^inm 

„ cTiHuliJt'ra, Lve 

„ dehilU, Lyc 

„ dufiik'itfnWnsUi, Lyc. (sinuata, d’Orb.) 

„ A/rytri, Lyc 

„ pfvnata, !^)W' 

„ scahra, Lam 

„ ttuUnifaria, I^ra 

„ Vicaryana„ Lyc. {spinor, d’Orb.) 

Pholadomya aguivalria, Goldf. 

Thetis Swferfiyt (?), R<rm 

Unicardium rinymerimse, ManU 

Venus Goldfusn, Geiu 


Gasteropoda. 

Aporrhais S 



j 

* 

M 

« 

. 



» 


« 

» 

8 

* 

« 



« 



• 



» 



« 

M 




*? 

» 


• 

« 


j 



'? 

« 


« 

' « 



ft 


• 

! ft 

M 


! 

S 


ft 

M 

» 


S 

» 

ft 


Cbard an 
Chardstock. 
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O AliTKROI*ol».V 

Af'rllnna (i’Ari*!i 

Co/uufft* '/tua. Hj) 

h'tuanf i ft It lit Mn/t ri, ( » ;i n I 

Fuji It }‘ bp 

XaUt'a (fnulttna, d’Orb 

, M 

yeritftjmis 

rift if a 

Plrttrofomitriii f ’(tsfti.isiiimt, ij’< >rh 

,, MittllfH ntt . (I’Orb 

,, Cf, ilUliUltfil 

,, lih-uhtni, 1*. Hoiix 

„ ep, 1 

.. '‘P- - 

J*ft‘rn(1>nifn (komthI 

UtmtrlUiria Minflttttiti^ <l C)rb 

SiiUmutn ortutft/m. .S<iv% 

„ 'rhirrianum (?». d’Aroli 

Troi hnf (jtnnuliitus, dV >rb 

,, hp. ( llk(* Woudw.) 

<; •'P , 

Turfto Ci Nfra tif/fri. d < >rb 

„ (Mix otlu^r »*pocii‘H) 


Turritdla Ihtufa, d’C^rb. ... 

»P- ’ ; 

Volti^a (iuerav(jtri^ tl’Urb. 


lielemnitella Innrrofatn, Sow. (non »Scl»loth.) 


plena, Hbiitiv. 


rrfianAUf, S<iW 

J)f *hnt4jt'ha m pdn tt us, <(’(> rb, 

Fletirifiutmitins, tl < >rb 

LartjUlicritantis, d Orb 

Itft’itfafius, d'( )rb 


Ammonite* Atufteni, .Nburfit* 


currtiru*. Muiit 

eiwmphalus, Sburjto , 

falcatu*, Muiit 

(fitupiiiunti*^ d’Orb. 
hipfi*tcn*ta nnm 



« ! 0 - 

1 

1 12 !: 


... M ! 

8 

M ' ... i 


.M ' 1 

S M 

S M ! ! 


.M ^ ‘ 

ki 

M 

\{ , 

VI 

M 

M !!! 

S M 

S 

.M ... 


M . i 

\l 


M 

M : !!! ■ 

1 

n 

M ! 


M i i 

i\ 

M ! : 

• 1 

M 1 

s ■ 

s 1 ! 

M 

! 1 

M 

! 

i 

M \ 1 

1 

H 

... ■ S M i 

s’ ' 

M S 

s 

M i 


M ... 1 


.M ... ! 


S M. ... j 
... , ... i 

s 

s ■ ... i 

S M 

M j 


; H 

S M 

M i ... 


... M 


... :SM, 

M 

1 i 1 

1 ... i M i 


Hbl 
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Table {continued). 


Devoh. j i 

: g 

-*i « d | 

? '9 

m f5 Q 

CEPIIALrtPODA (cow/.). 






Ammovit(» Mantetli, Sow 

S M 

M 

... ' 

* 

* 

,, navit-ularin. Sow 

S M 

M 

S Mi 

* 

• 

,, 8p nov 



S 



„ ptanuhtvj^y Sow 

H 


M 

• 


„ vhtrvfvH, Sliarpe 

; M 



» 


„ ]{fnet*irri, Sharpe 



M 


# 

,, rotfmaqntMH, iJefr 



M 

S M 

« 

* 

„ mruum. Sow 

S 

M 


* 

« 

,, Tar. Covpt'i, Urong. 

S M 

M 

... 

• 

« 

„ Wifutii, Sharpe (? —dii^par^ 

dOrb.). S 



* 

? 

ScaphiicB Sow 

S 

S M 

S M 

« 

» 

„ ,, var. ohliquuB^ Sow. ,. 

... 


M 

* 

* 

IhirrUitrs Brchri, Sow 


M 

M 



„ coBfatuB, liHin 

S 

M 


# 

* 

„ (irai'fBianuB, (VOrb 


M 




„ MornBti, Sharpe 


M 


« 


,, Mu'iirhcrrianu.s, Host* 

s 



... 


„ luhen'vlatuK Ut»8<’ 

s 


M 

* 

1 * 

Hamites (?)• d’Orb 

s 


M 

; 

! * 

Pisces. 

j 

1 

1 


1 



Jxtmva appendirulata (?), Ag 

: s 


S 

i 


PtychfMluB drmrrt'HB, Ag. ' 


M 




Svapanorhi/ttrh hb 

S 





Oryrhiiui NanfclH, Ag 

s 


1 




From the above list it will be seen that the fauna of the Devon 
lone of Avimonitec Maniflli is the fauna of the Cenomanian of 
the North-west of France. There are 10 Bj)ecie8 which are at 
present only known from their occurrence in these beds or near 
Chard. Deduclinp; these from a total of lt>5 species and varieties 
of invertebrata, we have 185 which occur elsewhere, and out of 
these IIW are found to occur in the Cenomanian of Western France ; 
while some others, such as Echitwcyphius diffieiJiSy Mwjac Geinitziy 
Ammonites planulatuSy A, laticlavhts, A. Jeptonemay and A, tuom- 
phahiSy etc., occur in beds of Cenomanian age elsewhere. 

Moreover there are 4 echinoderms, 18 lamellibranchs, and 6 or 
more gasteropoda which are not known to occur elsewhere in 
England, but w’hich are common to this Devon deposit and the 
Cenomanian of Westeni France. Mr. Meyer’s collection includes 
many species of gasteropoda w’hich he has not been able to name, 
but we think it very probable that, if they could be compared with 
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specimens from the sands of the S;irthe, many of them would bo 
found to agree with known Cenomanian species. 

The Devon fauna has also a strong attinity with that of the 
Tourtia of Tournay, in Belgium. Several Tourtia species ocur 
which have not yet been recorded from the Cenonnmian of Western 
France. These arc I'ertbralula armosa, 2\ VerneuUii^ IWUn 
Pdsstfi^ P, mbinirrstriatm^ Spotuhfhta Aitnrte cpprinobh*^ 

A. Kimxnchii^ Avtllamx Prrvmti^ and Soiaritim I'hitriaHum {'!), nine 
Sjiecies in all ; bt^sides two species which we have for the fii*st time 
recognize<l in tlie Western Cenomanian, namely, TerebmtuUt capiU 
lata and T. tortiacenslg. 

In order to compare this Devon Cenomanian fauna with that of 
the Warminster (ireensand it will l>e necessary to examine the chief 
collections of Warminster fossils, not oidy for the purjMise of sub- 
mitting many of the s|K‘eie8 to a eritieiil examination, but in order 
to wee<l out of them all the speeiiiieiis wbi{ b are preserved in jihos- 
phute of lime, for tliese have really been obt aim'd from the overlying 
Cbloritic Marl and not from the green sand which lies between it 
and the (Utert Beds. This investigation is not yet completed, but 
We are able to state that the Warminster (ireensiiiid contains 
comparatively few gastcro[K»da or cephuh)podu, that AmmonitcH 
Mantel ft and A. narlcnfaris are rare shellH in it, and that 'rurrilUtg 
Cinttatug and T. Uibenulatm do not occur. 

Jt is true that many echinodermata, braebiopoda, and lamclli- 
bratjchiatn arc common to the Devon and Warminster deposits, but- 
these are shallow-water forms which would he likely to survive, and 
to he found in the shallow- water deposits of a slightly later date 
than that in which they first appear. 

When the fauna found in Devon is compared with that of the 
I..nwer Chalk, say that of the Isle of Wight, we tied a relationship 
of just the opposite kind. The Nanfill, ScaphlUg^ Ammonifitt, and 
Turriliieg which are commonest in Devon are also those whieh 
abound in the Chloritic Marl and Chalk Marl of the Jsle of Wight. 
MoriHjver, there are other species, such as Ainmouiirg Auttteni^ 
A. complanatuM^ A. euomphalnH, A, (jonpilianiut^ A, lativlaviuH^ 
A, lejtUnunui {'t ), and A, Rrnrvitriy which are much more rarely 
met wdth, hut which have hitherto been found only in the Chalk 
^larl or in its basement-btrd. When, however, w'e turn to the 
echinoderms, hrachiojKjds, and lamellihranchs, we do not find so 
many of the Devon sjiecies in the Chalk Marl as in the Warminster 
Greensand; hut, as no one doubts that the Chalk Marl was formed 
in a deeper sea than the Warminster Greensand, this absence of 
certain 8|>ecies is not to be wondered at. 

Wo would remark that a mere i^rcentage w>mparison of the 
faunas of two deposits is not of much value in determining their 
relative age, even when they occur wdthin the same ancient province, 
unless there is go<xi reason to suppose* that they were formed in water 
of about the same depth. If, on the other hand, one is a deposit of 
shallower w’ater than the other, the creatures w'hich are most affected 
by the difference, such as s^ionges, polyzoa, bmchio^ioda, echino- 
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dermafca, and all molluftr*a, except the cephalopoda, mi 2 %t be neglected 
in the comparison, and with reference to geological age only the 
cephalopoda should be admitted as evideuce. 

2. Fossils from the Cenomanian of Normandy. 

The following list contains only the fossils obtained by our- 
selves nt the ]>laees named, together with a few others for which 
we Imve the authority either of M. Lennier or ^I. I^copur, and a 
f«‘W oeenrrcnces of pJirticnlar echinoderiiKita mentioned by Wright 
or in d’Orhigny’s volumes. 

A complete list of Cenomanian fossils, irKlmling those found in 
the Sarthe, would he a very long one. and would not serve any 
specially useful purp^)8C. The present list may he taken to include 
all the commoner fossils of the more enleareons f/ieics of the Ceno- 
manian in North-western France, siieli spe/ i(‘.H as would generally 
1)(‘ met W'iih by any collector. A full list of tlie fossils found in 
the (Vnomanian of the Sarthe lias been given by (Juillicr.* 

For the identification of the sponges, polyzoa, and hydrozoa we 
are indebted t o Dr. (1. ,1. llinde, F.(i.S. ; the other fossils have been 
determined by ourselv(‘s. 

The first column contains all the fossils met with in the Cenoma- 
nian of the cliff-section near Havre, tlu* second shows those found at 
and near 0rbi(|uct, and the third those from Vimoiilicrs and Lisorcs. 
Ii should he* mentioned that many in this third column are sjiccimens 
given us hy M. liC'caMir. In these columns fossils examined and 
identified hy ourselves are indieaied by ast«*ri>ks ; fliose mentioned 
hy others are indicated by letters — L standing for Lennier, Le for 
liecduir, () for d’Orhigny, and W for Wright. 

In order to compare this fauna with that of the Warminster 
(ireensand on the one hand and the Lower Chalk on the other, we 
liave indicated in tlie fourth and fifth columns the speci(« which 
(KT-ur ill these formations. By the Warminster (irt*ensand we mean 
the sand lying between the (’hert Beds of Warminster and the 
(•hloritic ^larl, and, so far ns we can ascertain, o8 species out of 

are common t/O the hVeiieh (amomauian and the Warminster 
(ireensand, polvzoa being exeluded. 

The T.(>wer (^halk of the fifth cidumn is regarded as including the 
(Miloritic Marl and the basement -beds of Dorset and Chard, but does 
not include the species which only occur in its representative on the 
Devon coast. Such 8|wcios as only occur in the basement-lieds are 
indicated by the lettor B. Inclinling these, O.'i out of 09 species 
are common the French (’enonianian and our Ixjwer Chalk. 
Polyzoa are left out of account, because the (Vetacoous species are 
greatly in need of revision, and it is uncertain what species range 
into the Ix>wer* Chalk. 

It appears, therefore, that the percentage of Cenomanian species 


^ * G^ologie de la Sarthe/ Le Mans, 1866. 



A DELltftTATlOX OF TBB CEN0M4K1AN. 


167* 


Vol. 52.] 

occurring in the Lower Chalk is a little larger than that occurring 
in the Warminster Greensand. We do not, however, roly grtMitly 
on this method of coinimrison ; as already mentioned, it is to 
the cephalopoda alone that wo look for rtdiable palieontologieal 
evidence regarding the age of such different deposits. Now the 
Cenomanian cepluilojioda in our list number 14; of these only 7 
occur at Warminster, while all of them occur in the Lower Chalk. 
Further, of those in the Wai minster Greensand all except three 
(Ahimonites variang, A. and A. /(tlcatug) are rare fossils, 

while in the Lower Chalk nearly all are very eoiimion. This evidt'in-e 
is very strongly in favour of the view for which we contend, and its 
force will he further alluded to in the stn[uel. 
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YIII, Summary akd Conclusions. 

It is now recoj^nizicd by the Geological Survey of Great Britain 
lat the Gault and Upper Greensand can no longer be regarded as 
)parate stages or chronological divisions of the Cretaceous System, 
b speak of ^ the Gault’ as a formation distinct from and older than 
the Upper Greensand ’ is simply a mistake, for there can be no 
ouht that what is called Uniier Gault in the Kaat nf Rncland ia 
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coeval with Upper Greensand in the west. They are merely 
different lithological facies of one group of deposits, and in the 
systematic classiHcation of the future a new name will havo to be 
found for this combined Gault -and-Greensand formation. It is 
much more developed in England than in France, and its name 
should be taken from some English locality. 

On the other hand, wo claim to have shown in this paper that 
when we i>a88 from the UpjK'r Greensand to the Lower Chalk wo 
find that the change in the nature of the deposit c(»rres]K>nd8 witli a 
great change in the fauna. This change is particularly conspicuous 
in Dorset and the Isle of Wight, where the base of the C-halk is 
always marked by the abundnin'c of uininonites belonging to tho 
species var'utn^, Cottpn^ and ManuUi^ with Turrilites 

tuhercvlatvs and T. Morrutli. 

It is true that in Wiltshire there is a more gradual passage from 
Greensand to Chalk, and that some of these cejdiMlopods do appear 
in the sand just below the Chloritic Marl, but this only shows that 
where the record is more complete we timl a few forerunners of the 
(’balk Marl fauna coming in locally before the time when these 
8|»ecie.s spread over the wh(»le marine province*. 

We are, therefore, very decidedly of opinion that in Fngland 
there is only one plane of division in this scTies of beds which can 
possiidy he taken as separating <»ne natural group of deposits from 
another. Further, seeing that England and Northern Fratico 
formed ]»art of one and tlie same area of deposition, we should ho 
much surpriswl if a chafigc* of C(»n(iitions which introdii(M*d u new 
assemblage <d eephab»poda over the whole of Southern Kngland did 
not show itself just as cl(*arly in the North (»f Kram o. 

Ikd'ore passing over t^) France, however, we (lescrihed the sc'ctions 
to he seen in the clitfs of Fast Devon, where the Chalk Marl is 
rejiresented by glauconitic and (piartziferous limeHtoncH, rich in 
foHsils and yielding an assemblage of Hjjecios which more clostdy 
corresjKinds with tho Cenomanian fauna of the Sarthe than with any 
other local English fauna. Moreover, the position of these beds is 
perfectly clear, for they are plainly marked off from the Upper 
Greensand, which is at the same time fully devednped, and they are 
overlain by a complete Middle (*halk or Tnronian stage. if<Te, 
therefore, on English ground we have a diminutive ‘ (Icnomunian * 
dc’posit, part of w'hich has an arenat’COiiH character and a peculiar 
shallow-water fauna connecting it very closely with the typical 
Cenomanian of the Sarthe. 

Gur next study wiis that of the fine section exposed in the cliffs 
near Havre (S^*ino Inferioure). Gur object was simply to sec and 
decide for ourselves how much of it corrcsfKinded to thf» Gault>and- 
Gn'cnsand stage and how much to the J/ower Chalk. We have 
indicated what seem to us the obvious and natural divisions of the 
series near Havre, and have pointed out that our interjiretation of 
the section agrees closely with that of M. lionnier, who has studied 
and described it more carefully than any other French geologist. 

The fact that the same bed is taken both by M. Leunier and by 



172 XESSBS. A. j. juKEs-BRowms AJfD w. HILL : [May 1 896, 

ourselTes as withoot doubt the base of the *Cdnomanieii’ is sufficient 
to prove that this base is a olearly-marked horizon. Now it seemed 
to us 0 (|ually clear that this basement- bed corresponded to the 
Chloritic Marl of the Isle of Wight, or zone of Stauronema Carteri, 
The overlying beds are therefore the equivalent of our Chalk Marl, 
and the material of them is a chalky marl, though more visibly 
glauconitic than our Chalk Marl. At a certain level there is a bed 
which has some resemblance to Totternhoe Stone, and above this 
Jiolaxter suhr/lohosug becomes common, just as it does in some parts 
of England. About 80 feet from the base is a band of glauconitic 
chalk with ])hos])hate-nodules, but there is no marked change of 
fauna here, and between 30 and 40 feet above this band we reach 
the base of the Turonian. 

In our opinion, therefore, the acknowledged ‘Cenomanien’ of 
these cliffs is the equivalent of our Lower Chalk, and of that only. 
That its fauna should contain a certain admixture of 8|)ecies which 
lived in English waters at the very close of the Upper (Ireensand 
ejK)ch can only surprise those who imagine that every portion of a 
conteraporaijeous set of b(‘d8 must hold precisely the same fauna, 
whether one ])ortion was formed in shallower water or not. The 
presence of Peclen anfter and other fossils which do not occur in our 
Chalk Marl is capable of a very simple explanation, which we shall 
mention further on. 

Beneath this * Cenomanien ’ at Cape La Heve there is a represen- 
tative of our Gaul t-and- Upper Greensand group. It is of no great 
thickness, only about 35 feet, unless the basal conglomerate or 
Curstone be added, as M. Lennier thinks it should, which would 
raise the total to 50 feet In this thickness, however, the Lower 
Gault (or Albien proper), together with so much of the Upper 
Greensand as is included in the zone of Ammonites rostratm (or 
Gaize), arc clearly represented, but we do not think that any eejuiva- 
lent of the English zone of Pecten is present. This zone is so 
variable a (juantity in England that there is nothing surprising in 
its being absent at Havre, where the whole Gault-and-Cireensand 
group is evidently in process of thinning out. 

We have seen that on the south coast of England the zone of 
Pecten asper varies from (JO to about (J feet, and north of Devizes, 
in Wiltshire, it thius rapidly till we get a sequence very like that 
near Havre, namely Chloritic Marl with phosphates resting on a 
few feet of unfossiliferous marly greensand which passes down into 
micaceous sandstone or Gaize. Moreover this zone is absent at 
Eastbourne, Folkestone, and Wissant, and also in Argon ne and 
Pertbois on the borders of the Marne and Meuse in the East of 
France, the Chloritic Marl in all these places resting directly on 
beds which are referred to the zone of Ammonites rostratus} 

X^assing now to the Cenomanian of the Calvados and Ome, a 
section near Hondeur seems to show the Chloritic Marl with a some- 
what different facies, for it no longer contains phosphatic nodules, 

* See Barrou, *Terr. Or^t. dee Ardennei/ Ann. Soo. gtol. Nord, voL v, 
(1878) p. 332. 
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but end 0808 large lumps or doggers of calcareous stone. From thU 
point southward a similar l>ed or a layer of such glauconitic marly 
stone seems everywhere to form the base of the Cenomanian. 

A section near Lisicux shows the (lault on the point of dying 
out, and l)eyond this place what we have called * the (ireensand ’ 
forms the base of the Cretaceous series. This is the * Ghiuconio’ of 
M. Paul llizet, which in the east of the Orno may be feet thick. 
^Ve believe that the greater part of it corrt'sponds to the Gaizo of 
Havre, but the occurrence of JWten agper in the upper part of it at 
Notre Dame deCV>ur8()n, south of Lisioux, suggests the ])OS8ibility of 
its also including a thin local representative of the Pectm /nr/ifr-zono. 
At Vimoutiers, however, the thickness of this * gn^nsand ' is small 
(only 1(> feel), and the only fossil found is (htrai vrsmdom^ so that 
zonal subdivision Itecotnes imjiossibh'. The im]H)rtaiit jioint is tliat 
it lies Iniieath tlie bed which we take to represent the Cbloritio 
^larl, and eonsequeiitly that it is of the uge of our Upper Green- 
sand. 

At and south of Vimoutiers the Conomanion pro]>or is divided by 
French geologists into (1) zone of AmmmuitH ManieUi and (2) the 
‘ Craie de Kouen/ or zone Ammonites rotomatffnsw. There can be 
no doubt that tln^se two zones are roughly eijuivalent to the lower 
and upf>er jxirtions of the C-onornanian n(*ar Havre and lioueii, and 
here we are in complete agreement with Fnmch geologists. 

Lithologically, however, there is a eonsidt ruble ditlerence between 
the Ceiiomuiiian of Vimoutiers and that of Havre; the lower part 
has ceased to be a *■ craie glaiiconieuso,* and has l>ecoine a fine 
glauconitic atid slightly chalky sand, while the upper ]mri has become 
a still less calcan'ous and more micaceous Kuiid. Still farther south 
the lithological differences become more and more marked, till we 
arrive at the purely arenaceous type of Mans, 

It is not suprising, therefore, to find that the fauna of these 
arenaceous beds differs considerably from that of our Jjower Chalk 
and Chalk Marl ; the pliysical and bathymetrical conditions under 
which these Cenomanian dejHisits were formed w'ero evidently 
similar to those under w’hieh the liighest j)art of our Upper Green- 
sand was deposited, and hence many of our Up|)er Greensand 
molluscs and cchinodenns continued to exist iu these Cenomanian 
W’aters, Jiesides these, how’evtT, there is a certain number of s|>ecie8 
which are j)eculiar and do not occur either in our Upper Green sand 
or in the Chalk Marl, nor in the ‘Craie glauconieuwC of Havre ; 
hut some of them do occur in the Cenomanian of Devon. 

The beds w’hich we have termed the ‘ Cenomanian of Devon * 
offer some special points of comparison w'ith that of France, besides 
the striking resemblance between the tw'o faunas. The minute 
structure of the bed numbered 11 by Mr. Meyer and of the upper 
and less arenaceous part of Bed 10 is similar to that of some beds 
in the lower part of the Cenomanian of Cope La Heve and of 
Vimoutiers (see p. 140). 

Bed 13 of the Devon scries has, however, no analogue in Prance, 
unless it is to be found in the famous fossiliferous bed near the top 
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of the Cenomanian at Bouen. We have not seen this bed, bnt it ia 
deseribed as a glauconitic chalk containing phosphatic nodules and 
many fossils, among which Scaphites Baeulites hacuhjtidet^ 

Ammonites navicularis^ and A, rotomagensis are common. It is 
remarkable that phosphatic fossils of these species abound in the 
bed which overlies No. 12 between Axmouth and Lyme Hegis. 
8ome of them arc also common in Bed 7 of St. Jouin. 

These facts suggest the idea that beds comparable to the upper 
part of the French Cenomanian, and, like it, containing many phos- 
phatic nodules and casts of fossils, were originally deposited in the 
l)evon area, but were afterwards destroyed by the action of currents, 
and nothing left of them except the hard phosphatic fossils, with 
grains of (juartz and glauconite, to be embedded as remanie material 
in the beds wddeh overlie the zone of Ammonites Manielli, 

Having thus summarized the opinions which we have been led 
tn form from an examination of the rocks and their contents in the 
West of England and Franco, we shall conclude by discussing 
the view wliich is generally held in the latter country regarding the 
correlation of the several ]»urt8 of the two series. 

It is on the (k'nomanian of Havre that we must concentrate our 
attention, l)ocauso when its relative age is settled that of the inland 
departments w’ill follow as a matter <»f course. No one novv is 
likely to recur to tin; view of l*rof. Hebert that the Cenomanian 
Bands of the Sarthc are newer than the Craie de liouen, and that 
no representative of them cxi^t8 in Normandy or England. 

The view current at the present time among Fn-nch geologists is 
that the lower part of the (Vnoinanian of Havre, as defined by 
]M. Ixjiinier and ourselves, corresponds with the upper part of our 
Upper Ciieensand — with so much of it, in fact, as is included by 
Dr. Barrois in bis zone of IWiett asper. We cannot find, however, 
that anyone has yet attempted \o indicate how much of the Craie 
glauconieuso is equivalent to the English Lower Chalk and how 
mtieh to tlie zone of /*. asjter. 

It is true that Dr. Barrois has ex]wessed his belief that bis zone 
of Ammonites latiriaviun (our Chloritie Marl) in the East of France 
corresponds with Me banc Botomagien classiiiue do Kouen,'‘ but 
in answ'er to our enquiries be informs us that he has no personal 
acquaintance with the Havre or Kouen sections ; that the fossils 
mentioned in his note were collected for him, and w’cre said to come 
from the ‘ Craie do Kouen ’ ; that he had no assurafice that they came 
from Kouen itself; that some of them are preserved in whitish 
phosphate and some in glauconitic material, and that they may be 
‘ un melange.' This being so, it is quite possible, as he admits, that 
some of tliem were obtained on the coast, and may have come from 
the very bed w*hich we identify with the Chloritie Marl ; in any 
case, we feel sure that if Dr. Barrois had visited Havre after his 
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prolonged studjr of the Cretaceous rooks of England he would have 
arrived at the same conclusion as we have. 

It is indeed much to be regretted that Dr. Barrois did not carry 
out his intention of visiting Normand}', for there is no other 
Frenchman who has so extensive a knowledge of the Upper Creta- 
ceous series in England and France. It would apf^ear that tlie 
French have not yet iudicuted the place of the Craie do Koueii in 
the coast -sect ion ; that is to say, they have not divided this section 
into a Zx»ne of Ammonitt^s rotomaijemt'nt and a zone of A, MantiUi^ 
as at Vimoutieis. As regards its correlation with English sections, 
the Fnnch view rests aj>parently on three ]Kiints of similttriiy 
between their ‘Cniie glauconieuse ' and onr Upper Cireensand, such 
ns would naturally strike any one who knew the English Chalk and 
OriTiisaiid only Iruin juihlished descriptions ; these are: — 

(1) The large ninonni of gliiiiconite in the (’thiorimnien. 

('2) The ocenrrenee of freijiieni layers of ehert. 

The ]ues(‘uce of it.yter and other fossiLs ooinmon in the 

‘ \Varniin.*'ter (ireeiisand.* 

We will take these ]Munts svnat’nn, (1) It is a mistake to 
»upj»ose that tlio material of the ‘ Uraii' glaueouicviHe ’ n^scunhles that 
of (»ur (ireen^and. The very us<' of tho word ‘(’raie* indieutes the 
ditf’« rence, and is <juile correet in the d(*parlinent of Seiru? InlcTieun^, 
where the matrix duos consist of line chalky matter. Our Upper 
Greensand, on the contrary, is a sand consisting rd (|uartz and 
gliiuctmile, though it is sumetiines cemented hy calcite into a calca- 
reous sandstone. 

(2) The oeeurrenco of layers and lumps of true *;h(‘rt does un- 
douht'dly criate a superlioial reMunhlatne between the two selM of 
strata; luit the re.Nearehes of Dr. llimh* have so coinphdely ]tr(>ved 
the connexion between the formation of cherts and the (rxistence of 
ftilic(*oU'» sjMUiges, tliat the mere oteurrenee of cherts can <inly ho 
taken as evidence of the conditions being locally fuvouruhlo to tho 
growth of such sponges. 

(ID The jiresenee of Peclni nnfter and other fossils, which in 
Eiigland are diietly found in tlie Uppe-r (ireeiisand, is the sole argu- 
ment that reijuires s. rious c<msideratioii. J^et us first of all hoo 
what it amounts to when admitted without any cjUaJification. 
Where does tliis special fauna exist in England? Geriainly not in 
the (’lier1 It ds eilli'T of Wiltshire, Dorset, or the Isle of Wight, 
which have everywhere a very limited fauna. What are uauully 
called ‘the fossils of the Warminster (ireensand’ have mostly IkjcIi 
obtained from a bed of bright green sand (about Dt ftw;t thick) 
lying above the (Ihert beds, and p;issing up into Chloritic Marl wdth 
phosphate- ncxlules and ^^tauroiumn (Jtirttrl, It is only here, just 
below the base of the Chalk, that the Chalk Marl cephalofKxla make 
their first ajijKJarancc in England, and are associated with Ptcieti 
(tAfter and otlicr fossils which very’ abort ly disap|>eared from tho 
English part of tho Cretaceous sea. It is quite a mistake to suppose 
that this is a typical Upper Greensand fauna ; it is only that of the 
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very highest bed, so that if two thirds of the French Cenomanian 
are to be correlated with the thin bed of Greensand near War- 
minster on the strength of the similarity between the faunas, we 
must imagine that this thin bed has expanded to a thickness of 
80 feet or more in France, although the beds both above and below 
have very greatly diminished in thickness. 

Our lists, how'ever, show that, of the fossils which may be 
collected from these beds at Havre in a few days' time, quite as 
many occur in our Chalk Marl os in the Warminster Beds. We 
suspect t hat the occurrence of IWUm imjter has influenced the French 
systernatists more than any other element in the fauna ; but our 
experience in England has convinced us that 1\ asper is very 
sporadic in its mode of occurrence, and required a very 8|)ecial kind 
of environment. 

We consider it very unsafe to trust to cchinodcrms or ground- 
feeding molluscs in correlating at hc» great a distance apart fonna- 
tionsof difl’erent lith<»logical character, because the conditions of life 
may also lia vc been different in the t\vo areas. ( )ne condition alone, 
namely, greater depth of W'ater, might ho suHicient to exclude from 
the one formation species which found a suiUihh' location in the 
other urea. This, we think, is the reason why Pecieu as^er and 
many other of the Warminster molluscs and echinoderms do not 
occur in the Chalk Marl, not because they had everywhere ceased to 
exist, but simply hecause the water was too dcs'p for tljern. 

The cose is quite different wdth the c(*phaloj)a(la, for they could 
move freely from plaee to place, and were not directly de}K*nd(‘nt on 
depth of w’ater or on the nature of the sea-floor. They must there- 
fore be much more truslw’orthy ehnmologieal guides ; atid if we rely 
upon their guidance in the present case, w'e find that they lead us to 
the very conclusion which we regard as correct, for the cephalopoda 
of the lower ]iart of the Cenomanian of Havre are identical with 
those of our (’hloritic Marl and Chalk Marl, and they do not occur 
in the Chert B^kIs of our Up|K^r Greensand. 

lA»t us now take another point of departure, and consider what 
modifications are lik^'ly to present themselves in our Chalk Marl 
when traced into shallower water and nearer to a lino of coast. If 
we examine the C’hnlk Marl of the Isle of Wight under the micro- 
8Coi>e, W’o find that it actually is a Craie glaueonieuse ; it con- 
sists essentially of minute grains of qu.artz and glauconite, and of 
shell-fragments embedded in a fine chalky matrix. The material 
of the corresponding part of the C<momanian at Havre has less 
of the chalky matrix, and a larger proportion of the inorganic 
materials (quartz and glauconite). 

There is, in fact, just the difference that one would expect to find 
iu a conUmiporaueous deposit accumulated rather nearer to the land, 
and W'e have shown that this change gradually increases till the 
chalky ingredient disap^Kjars entirely, and we reach shallow-water 
sands and sandstones. Would it not be surprising if there were not 
a corresponding change in the fauna ? Is it likely that the same 
assemblage of fossils would inhabit tbo littoral sandy fioors, the 
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intermediate depths where grlauconitic marls and sands were accu- 
mulating, and the comparatively deep water of the Chalk Marl area? 

Further, as the period was one of oontinued subsidence, and as 
the formation of the C-halk Marl was preceded by that of glauconitic 
sand in a shallower sea, what is more likely than that the crtmtures 
which lived in the shallower sea should gradually migrate to other 
tracts where the same conditions prevailed, as the area of the sea 
grew larger, and the central portion of it grt*w det*per ? 

Expressed in a few words, our belief is that the ‘ CVnomanion ’ 
of Havre and ltoue?i is simply a southern extension of our J^iwer 
(lialk, formed in a somewhat shallower part of the sen, rather 
nearer to a coast-line, and in a locality where conditions were more 
favourable to the growth of silict'ous sponges. Hence it consists 
of a rather more sandy and glauconitic chalk, with a larger amount 
of siliceous matter in the form of sponge-spicules and chert-nodules. 

Wo would point out that English geologists have hitherto bwm 
obliged to acct*pt the idea of a ‘(Vmomaiiien * which could not be corre- 
Inttni w’ith any one or two divisions of the English (’retaccoiis series, 
but was supp(»sed t(» include a IWten osprr-/.(>ne which, in England 
at any rate, had no definite base. Our en(|iiiry relieves them from 
the necessity of adopting so unsatisfactory a correlation, and sub- 
stitutes a Conomunian w'ith a clearly-defined base l>olh in England 
and France. 

As regards what has been termed ‘ the zone of Veetta asiHir ’ in 
England, we think that Homo other fossil sliould be chosen as an 
index of the zone, so ns to avoid the confusion which has arisen 
from the ]»resence of IWten at high(*r liorizons in France. 

l’nforlunat<*ly cephalopoda are so rare in this zone that it is impoH- 
sihle t(» Hclcct one of that class, and we think that it ih heat to 
leave the matter for future consideration . 

PLATK V. 

Cenomanian Amraonitwi. For Explanation, see U*xt, pp. loO, ir>7. 

HiscchsioK. 

The pKKsiiiKKT said that any attempt such as the Authors of tho 
present pa|)er have made to corredate any part of the (Cetaceous 
beds of this countr}’ with those of the Continent must he hailed with 
satisfaction hy all students of geology ; and as the present Authors 
have given eK{)Ccial atU'iition te this subject, their views deserve the 
most careful attention fnirn geologists. Ho invited discussion on 
the f»aper that they had just heard rf;ad, and asked Mr. Hill 
whether the Hoatirig cephalopoda referred to by him included tetra- 
branchiata, or were confined to dihranchiata. 

Hr. W. F. Hi MK, in congratulating tho Authors on the paper* 
expressed himself in cc>mplete agreement with their conclusions, and 
remarked on the extreme variation in thickness diH[)luyed by the 
Cenomanian laids cx|)osed in Boer Bay and Hooken Cliff respec- 
tively. He also asked whether the Authors would consider the 
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Chloritio Marl to the westward as younger than the easterly 
exposures of the same. 

Mr. Sr«AUAN remarked that he was under a disadvantage in dis- 
cussing the pajHir, t hrough not having seen the Continental sections 
referred to. It seemed, however, to be clear that English geologists 
were liaving reason to repent the introduction of Continental names 
into their Cretaeious nomenclature. He himself had always hesi- 
tated in using the term * Cenomanian ’ from a doubt as to its precise 
application in this country. The correlation was most important, 
for the pnncij)al break in our Secondary rocks occurs at the base 
of the Uj)per Cretaceous group. He enijuired if a ‘ Cnrstone ' and 
yellow sand w’hich intervened between the Gault and Ximmeridge 
Clay at ('ape La Hev(; w^ere not the same as tlie ferruginous grit which 
forms the base of the Gault in Dorset and elsewhere. Phosphatic 
nodules occur in t lie Chloritic Marl and sporadically through the 
Upper (irecmsand, and seem to be foreign to the matrix in which 
they are embedded. The glauconitic grains, t- 00 , seem unlikely to 
liave been formed in the water which distributed the sands and 
course grits. He asked the Authors wliether they had any clue to 
the deposits w ith w hieli these maUuial.s had originally been associated. 
In referring to Mr. Hill's (biitinental investigations, he congratulated 
him on a iim* ]»iece of work. 

Dr. J. W. Gkkookv eongrutulated the Authors on the value of the 
paper and the greater jireeision that they have given to a useful term. 
The confusion in regard to the term ‘ C(‘nomanian ' is not so much a 
case of hasty use of a foreign name in England, as of unsatisfactory 
original delinition of the term abroad. He fully agreed with the 
Authors tliut eehiuoids are rather a clue U) conditions of formation 
of a de)K)sit than evidence as to its exact contemporaneity in age. 

Mr. IL S. IIkukiios hoja^d tliat, as a result of this paper, geologists 
W'ould use the term ‘Lower (lialk ’ in ]>lace of ‘ Cenoniauian,' at 
any rate when speaking of the English beds here d(‘seribed. 

Mr. W. Hill, in reply to the President, rimarki‘d tliat they 
relied on the oecurreiiec of tetrabranehiate cejdialopodu to jirove 
the age of tlie beds, nitluT than on the fauna wdiieh must have existed 
entirely on tlie sea-hot tom. He thought that the Chloritic Marl of 
the eastern sections was ]>robahly older than tliat more to the west- 
ward. Beds 10, 1 1 , and 1 2 were certainly st>en us fur as Pranscombo 
Cliff. He believed that the phosiihatized fossils, which Mr. Strahan 
suggested were derived, w ere not necessarily so, but might be of the 
same age as the bed eontainiiig them. There were but few’ ]>hos- 
]»hatized fossils in the Chloritic Marl of La Hove ; and the fact that 
this marl coutaiiied small quartz-jjehhles and much sand seemed to 
him evidence of current -action. He was prepared to admit that 
the Curst one-like bed seen in the clitfs at Cape La Heve might be 
of Gault age, and, in conclusion, heartily thanked the Eellow’s of 
the Society, on behalf of Mr. Jukes-Browne and himself, lor their 
cordial ret‘ei>tion of the impor. 
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I. Intkodictjon. 

l.v describing the clays which underlie the Chalk ut Sped on on the 
Yorkshire coast in a paper communicuted to this Society in 1889,* J 
atteiiipted to show the necessity for a fresh classihcation of these 
deposits. Further investigation of this section has fully oouHrmod 
the views then advanced. It has also indicated the desirability of 
a corresponding revision of the inland ex[M)Hure8 of the rocks of the 
same age in Yorkshire and Lincolnshire, since it is only by moans 
of the knowledge of the full sequence to be acquired on the coast/* 
section tliat the true relationship of the limited and isolated ex- 
posures of the inUrrior can ))e unravelled. 

Using such opportunities as have at intervals occurred, I have 
therefore more or less closely examined the base of the Chalk 
escarpment throughout its whole length in Yorkshire and Jjinooln- 
shire, and desire in this paper to j)ut on record the result of my 
investigation. It will be shown that the divisions proj)Oscd for the 
Speetori section are readily applicable to the inland cxposun‘H, and 
indeed afford the most convenient and natural means of palm- 
ontological classification, albeit some modificatioTi of the systems 
usually applied is thereby required. 

It may he well at once to state that, while my chief aim will be 
to establish the correlation of the dcjKisiU by means of their pala>- 
ontology, no attempt will, for the present, be made to carry the 
paleontological research further than is necessary for this purpose. 
Hence the fossils dealt with herein wiU only partially represent 

' *On the Subdivuions of the Speeton Clay,' Quart. Journ. QeoL 8oo. 
toL xlv. pp. 675-618. 
aJ.G.S. No. 206. 


0 



IBO UR, 6. W. LAMPLU6H 09 TflK 6PEET0N SERIES [May 1 896, 

the fauna of the various deposits. With the material already 
collected it would indeed have been possible to present mueh 
ampler lists. But the mischief done by the publication of swollen 
catalogues of hasty determinations, not in these deposits alone, but 
throuf^hout the whole range of the Sccondar}^ rocks, has been so 
great, and the i>reci8e recognition of many of the forms in the 
present state of their nomenclature is so difficult, that I have 
thought it advisable to restrict myself as far as possible to the use 
of those few 8]>ecie8 which have been adequately described and 
figured r;ith(T than risk adding to the existing confusion. 

That th(^ fauna of these rocks has been hitherto much neglected 
by British pal icon tologists is no doubt mainly due to the fact that, 
so tar as the British Islands are concerned, it is comparatively 
restricted both in its occurrence and its interest, the fossils of 
these marine de]) 08 its affording no ready jioints for comparison with 
those of t)i(^ equivalent freshwater strata of the south of England. 
()v(T large areas of the continent of Europe, however, as was so 
clearly shown 25 years ago by Trof. Judd,’ the conditions of deposit 
jire more directly comparable, and there is a close relationship in 
tljc fauna. Kecently Prof. A. Pavlow has made a very careful 
study of th(‘ cephalopoda of these rocks with this relationshi]> in 
view, and his monograph for this hrarich of the fauna affords a 
s(^cure basis from \\bich t/O discuss many questions of st ratigrai)hy 
and correlation. But not until the r(‘st of the fauna has been 
tjiken in hand, and in like manner Btudi(*d and compared with that 
of the (^)ntineni al equivalents of these deposits, will it lx* possible 
to compile satisfactory lists of the fossils, or to consider to full 
advantage the broader jispects of the subject. 

II. Further Notes on the Hfeeton Section. 

In my former paper I proposed to divide the clays of the Speeton 
section into y.ones by means of the heleiiinitcs, which are by far the 
most abundant and tlie most cliaraeteristic fossils contained in the 
deposit.'* Prof. l*avlow has since shown that each type of lK*lemnite 
solecU'd for this ]mrpose may be cotisiderod ])aUeontologiciilly as a 
group of allied forms presenting variations of sjiecitic value. These 
variations will iio doubt in some cases enable us to trace out minor 
zones. 

^ ‘Additional Observations on the Xeocomian Strata of Yorkshire and 
Lincolnshire, etc./ Quart. Juuru. GeoL Soc. vol. xxvi. ( 1S70) pp. 32t>-.‘i48. 

* * Argiles de S|HH*ton et lours Equivalents,’ Bull. Soc. Imp. d. Naturalistes 
do Mosoou. n. s. vol. v. pp. 181 k 4;u) (1891-112). (Also published separately, 
Moscow, 1892.) 

* At that time some objection was raised to my selection of the belemnites 
as the zonal fossils ; but. as I then stated, it was quite evident that no other 
fossils would serve the purpose so well, and 1 am pleased to find that this 
statement has beau fully oorne out and justified by further investigations. As 
Pavlow has shown, the study of the belenmite-fauna of the epoch is prolific in 
ra8utt.s throughout Europe. Prof. Dames, iu a recent paper. ‘ Ueber die 
Gliedemng der Flotzformationen Heigolands,* states for that island ‘ bier 
wie dort sind die Belemniten die leitenden Fosailien,’ SiUungsber. k. preuaa. 
Akad. Wiasenach. Berlin, vol. L (1898) p. 1031. 
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Thus BelemniUf pi^tillirostris and B, cri^fattis are together more 
restricted in their range than B, jacttJumy to which they are closely 
allied ; while B, Jasikvwi and B. ohtufirostris similarly occupy a 
portion only of the zone of B, hruim^tc^nsis. 

As several of the forms, however, seem to occur indiscriminately 
throughout the realm of the allied species, I think that for strati- 
graphical employment, as distinct from their more strictly palm- 
ontological study, it will he found serviceable to retain for our 
present purj^oso the broader system of nomenclature. It must 
therefore Ik' understood that in the stratigraphicol notes in tho 
following pages the s|>c(*itic names of the zonal belemnites, and to 
a less extent of the zonal ammonites also, will be freely used in 
this broader sense, embracing all the closely-allied variations. 

Since I have s(‘veral times had op]»ort unities for examining 
exposures of the strata on tlu* foreshore at SpeeUm, and have been 
enahU*d thereby to eolhct much new pnlnDontologiciil material, and 
to fix the horizon of a few h^rms whose exact ]>osition hod l)eon 
doubtful. Tliesc results, as regards tho c(‘])halo]»oda, are sum- 
marized in th(‘ Table facing p. 1S4, where the species as determined 
by Prof. Pavl(»w arc arranged according to their stratigraphicol 
position. 


[On revisiting Speeton while this pjipor was in the prc'ss 1 had the 
g<»od fortune to tind in the uppermost jwirt of t he section, of which 
our knowledge is still incomplete, amoTig tin* recent Hlij>s und<*r tho 
Chalk escarpment loO yards south of Speeton (lap, a small strip of 
brown marly clay, 2 (»r .‘1 feet thick, which (tontainod belomiiites of 
a tyjH* that 1 had not Iiitherto seen at Speeton. I n structure, size, and 
outline this form shows (dose affiniticjs to HeJonuiteii jamlnm^ but 
differs markedly from that species in the charactcT of tln^ alvecdar 
extremity: m(jst of the specimens possess a slight lateral groove 
in the subalveolar region. It seems very probable that this may 
be the form recorded from Heligoland by Prof. Dames {ojt. Jaw 
cit.) as B. fnslformig^ Voltz, which in that island occupies a zone 
between the beds with //. minimus and those with li. hrumvl- 
ctnsu. 

1 could find no other fossils along wdth this belomnit^*, and the 
band which (contained it was bounded on all sides by slips ; but 
below tho brown clay was a mass of black jiyritous clay with 
Ammonites De^hatfeMi^ and above it dull black clay without fossils 
such as I have elsewhere seen tx) ofKJur beneath th<^ marls (A) with 
B. minimus, and there is much likelihood that the slips have prcserv'od 
the true seijuence of the beds. — April 22nd, IHbO. J 

The r(*iterated * (X)nt<mtion of the Rev. J. F. IUake'‘‘ that ‘ Port- 
landian ’ l>ed> may after all exist, as supposed by Prof. Judd, 

^ ‘ AnnaU of British Geology for 1892’ (London, 1893), lntrodu(^ry 
Beview, p. xviii. 

2 ‘ G^eolog}- of the Country between Bedcar and Bridlington/ Proc. GeoU 
A»oc. toL xiL (1891) p. 115. 

0 2 
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between the lower Coprolitc Bed (£) and the Bituminous Shales (F) 
of my published section, though it has already been once answered,^ 
must here be referred to. The contention is based on a misap- 
prehension of the valuable section published by Leckenby in 1859,* 
for it is beyond doubt that the Bituminous Shales (F of my 
former paper} are the same strata as the ‘ Beds Nos. 4 and 6 ’ of 
Leckenby 8 section which Blake suggests I may not yet have seen. 

These shales have been frequently exposed at Speeton both before 
and since the publication of my account of the section, and I have 
carefully examined them to a greater depth than my measure- 
m(;nt8 indicated, since (as stated in my previous paj)er) the folds 
into which they are locally thrown, and their jwsition near low- 
water mark on the foreshore, render detailed work on their lower 
portion very difficult. 

The only beds described by Leckenby that I have not yet had 
an opportunity of examining are those still lower strata to which he 
applies the numbers 1, 2, and 3, and assigns a thickness of 30 to 40 
feet. The fauna is apparently rather better j)reserved in these beds 
t han in the com])ressed shales above, and is of undoubted Kimeridgian 
age, including-/! 7wwiom/.€.s {Feris 2 th%ticle$)hi 2 >lex; A, evdoxux 

=-4. evah'dus, Bean M8. ; a form near A. altemans^ labelled A, 
Kapjiiy Opp., in some collections ; and Belemuites Tronlayauvs^ d’Orb. 

8j)ecimcn8 from this horizon occur in all the old collections pre- 
served in our public museums, buttheonly examples that I have myself 
obtained have been from nodules washed up on the beach. Mr. li. 
S. Horries, however, has been more fortunate, having some years 
ago found an exposure of the strata on the foreshore north of 
8peeton from which he was able to collect all the above-mentioned 
sjiocies, and 1 have to thunk him for his kindness in so readily 
placing these, with other spt^cimens from his extensive collection, at 
my disposal. The same horizon seems, as will presently he shown, 
formerly to have been exposed in one of the clay-pits at Knapton, 
14 miles inland. 

Our knowledge of the lowermost j)ortion of the Speeton section, 
below the top of the UpiKjr Kimeridge Hliales, must therefore still 
rest on l^eckenby's meagre but probably tjuite accurate description. 
1 have before pointtHl out that the so-called ‘ Middle Kimeridge ' 
and ‘ Lower Kimeridge ' mentioned by Prof. J udd ’ and others * 
as occurring in Filey Bay seem, us now admitted by Blake,’ to 
consist entirely of glacially-transported masses of shale, chiefly of 
Lower Lias age, such as characterize the drift-deposits of this part 
of the coast. 

A well-boring sunk by the Filey Waterworks Company in a field 
adjoining the railway-station at Filey, after passing through 190 feet 

* Argiles de 8pe<*ton,* op, cii. 1" partie. p. 210 ; sep. cop. p. 30. 

* Geologist/ vol. ii. p. 9. 

* On the Speeton Clay/ Quart. Joum. Geol. Soc. vol. xxiv. (1868) p. 240. 

J. F. Blake, Qiuirt. Joum. Geol. Soc. voL xxxi. (1875) p. 211. 

* Exouraion to the East Coast of Yorkahire/ Proo. Geol. Assoc. voL xii. 
(1891) p. 213. 
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of drift, ‘ further penetrated pale-blue sandy clay or shale for 
75|| feet before reaching the water-bearing Coralline Oolite. This 
ehdo evidently represents the lowest Kimeridgian beds ; the only 
fossil that 1 was able to obtain from it was an indeterminable 
fragment of a small slender belcmnite, distinct from any of the 
•Speeton species kno^A’n to me. 

In my former paper I described the strikingly sudden change of 
fauna which takes place at the top of the zone of BeUmnites latn^alis. 
Immediately below this horizon the jirevalent ammonites are the 
deep-whorlecl, round-backed forms of the genus OIcostrp?utntiS€i.nd its 
allies, and the belemnitos all l»elong to the short thick lattralis- 
group, while immc^diately alove it the clays abound in the flat- 
whorled, 8(|uare-backed ammonites of the genus lioplites and the 
slender hastate belemnitos of the -type. »So complete is this 
change that I was in doubt when previously describing it whether 
tlie apparent mingling of the forms at the junction of the zones 
in the ‘Compound-Nodule Hand* (1)1) really indicated contom- 
jKiraneity, or whether through lack of sediment ut-ion the dead 
remains of the older fauna had lain uncovered on the sea-floor long 
enough to become embedded in the same layer with the first- relics 
of the now sj)ecios.'^ 1 have, however, since found t wo specimens 
of the Zo/c/*o/i>-type of Ueh'inidtrs ( /i. Hulxptndraim^ lloera.) dis- 
tinctly within the zone of B. jaaiUimy the first in the clay imme- 
diately ov(?rlring 1)1, and the second in the clay I S inches above 
that hand, which proves that the older ty]>e was not (|uit<< extinct 
on the appearance of the newer, though veiy ncairly so. 

The researches of Prof. J*avlow on the Speeton fossils hrivt* thrown 
new light on the change? at this horizon. He has been able to 
demonstrate that the incoming fauna was one which had been de- 
velo[>ed and had prevailed in southern seas, while tin? displaced fauna 
was markedly northern in its origin and range.’ The southern 
fauna remains almost pure throughout the * woricus-heds ’ (C 11 to 
€7), hut above that zone the Ot route j dm n i reapiKJar in a group of 
species f centring around AnnnoniUs HjteetonemiH) which, while dis- 
tinctly recalling the Olroslejthani of the upfier part of the IntrraliB-fJom*, 
(Dl to DH), are yet so completely modified as to Ik* in every case 
8j)ecifical]y different. Those replace the JJoplitea-iyyti^ of ammonites, 
and though the hastate belemnitos f Belemniten jarulum and allies) 
persist much longer, they also eventually disapjKsar, and the field 
is reoccupied by types (B, hrunttvicerunM) which have probably been 
derived from ancestors pertaining to the /rt/mi/Zs-group. 

The line of research thus indicated is still l)eing pursued, and 
promises to he rich in results bearing on the extent and character 

^ See Mem. GenL Siirv. ‘Jurassic Rocks of Great Britain : J’t. I. Yorkshire,* 
by C. F. Strangways, p. 375. 

* * Subdivisions of tho Speeton Clay/ Quart. Jouni. Qeol. Soc. vol. xlv. 
^1889) p. 589. 

* * Argiles de Speeton/ pp. 93, 188 et uqt/. (sop. oop.) and ‘ On the Marine 
Beds closing the (Jurassic and opening the Cretaceous, with the History of their 
JPiauna,* by A. Pavlow, in Bull Qeol. Soc. America, voL iii. (1892) p. 61. 
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of tbe life-proTinces of the period and the climatic conditions and 
changes. 

The list of the cephalopoda of Bf)ceton as determined by Pavlow 
has not hitherto been printed in this country*, and is therefore 
given in the Table facing this page. One or two species whose exact 
position in the series lias been ascertained since 1892 are herein 
for the first time relegated to their proj)er zones. 

Here I beg leave to thank Prof. A. Pavlow and Messrs. E. T. 
Newton, F.K.K., and G. C. Crick for their invaluable aid and advice 
in regard to the palieontology, and Mr. J. \V. Slather, for his 
kindly assistance in various ways in the field, and for the loan of 
his specimens. 

III. InLAKD ExTEKHION of the Sl’EETON SeKIES IK YORKSHIRE. 

The available evidence respecting tbe inland prolongation of the 
Speoton clays is very restricted and unsatisfactory. 

Prof. Judd ' mentions their roaj>i)oarance about a mile dis- 
tant from the coast in a stream-course near Reighton ; but this 
exposure seems to have l)ceii at all times very obscure, and it is 
now no longer recognizable. 

I am informed that- clay like that of Speeton was reached in a 
well sunk a few years ago near Huiimunby Station, 2 miles from 
the coast ; but 1 could not learn that any fossils were obtained, and 
there is consequently no means of determining the horizon. 

Ffirthcr westward the solid rocks at the foot of the steep escarp- 
ment of the Chalk are completely hidden by the drift and alluvium 
of the Vale of Pickering for about 12 miles; but after this in- 
terval tbe steady rise of the base of tbe Chalk brings tbe under- 
lying clays above tbe valloy-Hat ; and there were at one time some 
small pits in these clays, near the foot of the sloj)e, in the vicinity 
of the village of Kna])ton, from which many fossils were obtained. 
The excavations, however, have been discontinued for half a cen- 
tury, and the sections are now entirely olditerated. A tew fossils 
obtained many years ago from these old piU« have been preserved 
in our public museums, and these furnish certain valuable though 
scanty indications with regard to the horizon of the de]K>sits. 
Prof. Judd has 8upi>osed' that only the lowest members of the 
Speeton Series are jirosent in this area, and that the ‘ Middle ' and 
‘ Upper’ of his divisions of the coast -section have been cut out by 
the unconformablo overlap of the Chalk. But I have elsewhere 
shown * that while the fossils above mentioned indicate the almost 

' ‘Additional Observations on the J^eocoinian Strata of Yorkshire and 
Lincolnshire/ Quart. tUmrn. Geol. Soc. vol. xxvi. (1870) p. **527. The clay in 
question is referred in tliis paper to the ‘Zone o[ Ammonites »p€f(oneu^ ’ ; but as 
Belemnites tateralis is recorded, which species does not occur in tbe speetonensi^ 
beds, while tliere is no mention of the occurrence of the cliaracteristic Btiem- 
nites jacuivviy 1 think that the correlation can scarcely be regatded as 
established. 

Ibid, p. 329. 

’ * The Neooomian Clay at Knapton/ The Naturalist (Leeds), Nov. 1890. 
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Oi'rtain presence of the upper portion of the Speeton Series in the pits, 
there is no proof of the existence of the lower zones. 

The fossils in question are as follows : — 

In the Natural Jlistcrif Museum^ South Kensington (in the Bean 
Collection ). 

Ammonitfn {fioplifcfi) Ihahi i/csii, One of the l>ear» a label 

with thi' MS. name J. hnap^i^nrnsts. Bean.* 

ArnmonUt'fi p!anu.\ Phill., probably ihe young form of A, {Amalih'U») biour- 
I’fl/'tt,". Mich. I have reocutly found the same form at S})oetoii aimilarly asso- 
ciated with Ilitphteii DesJtapc,tii. 

? AmTnonttrs {/{op/i/rs) rrpaiis,VBvL It is doubtful whether tliia ia really a 
Knapton Two ainall unhibtdled 8{H‘ciinon8 arooontnined in a tray with 

other fostiilN markod ‘ Knapton,’ but in app>aranee they closely roHeinble Spoeton 
sjiecinicn.H and difler from the Knapton fossils. 

In (hr Woodwardian Musrim at Cambridge, 

Tertftratuhua Mtirf titiatta (A'Orh. \ laUdled I'rrthrafulina striata. 

In tht Masruin of tth Senrborongh I*}ido$op1nait Socitig. 
Vhiiadomya {Martini, Forln*!*) ? ; in a rallier cruslied ctmdition. 

To these we may also add the following s|m*cich recordiul by l*n>f. J. Phillipn 
in his ‘ (ioology of tlie \ urknliire Coast’ (.’Ird tni. p. ‘Jtli) 

/lamitrs iua.rimus (mentioned in Isl (Hlitiou only). 

Waldht inua faha, d'Orb. 

Hhym funu-lla lintotafa, Phill. 

Some further evidence on the Hubjeet is afforded by tb(^ dcjscrip- 
'tion of one of tlie Knapton pits given in 1822 )>y Young and Bird 
in their * (ieological Sur\'ey of the Yorkshire Coast-,’ which reads as 
follows ( 2 nd ed. p. tJ2): — 

‘ In one of the clay-pits at Knapton we see tin* jtinction of the 
shale with ihe rod and grey chalk. Tht? clay, where it joins the 
chalk, i.s soft and plastic; and this, also, is the cast* with the lower 
jiart of tht* ehalk. The two suhstunees are partly hlt^nded t<»gether; 
the soft ehalk, wliicli ticcurs here of both colours, apprtiaching to 
the state of red or grey clay ; while the elay that is next the chalk 
is somewhat imj)regnated with calcareous matter, and is almost 
divested of its schistose quality. The same facts art? oliserved in 
the sptHjimens from the Staxton boring, and at tlie junction of the 
chalk and shale in the lower part of the Speeton cliffs.’ 

This description implies a gradual passagt? of the Ut?d Chalk int/O 
the underlying clay, and is quite opposed to Prof. Judd’s view that 
there is an unconformable overlap of the base of the Chalk at this 

^ From a rcfcrnicc to lbi« species in Young and Bird’s * Geobjgical Surrey of 
the Yorksliire Coast,’ I sboulfl, however, judge that the name wjuj originally 
applied bv Bciin to the aiiiriKiuite next on the list, namely, A. planus, Phill,, 
since tbefo.-isd i» cluMm'd with tlie MautUi, and deHcrib(?d as follows: — ‘A minute 
flatabell, remarkably smooth, with a small umbilicus and a slight keel, occurs 
in the upper sbale. It reeembleti tKime of the ammonite family, and Mr. Bean 
bas named it A. knapionensu ’ (2nd (*d. 1828, p. 272 ), 

^ 1 am indebted to Mr. J. F*. Walker, M.A., for this det4?rmination. 
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point* The marly passage-beds seem to be exactly similar to those 
which, as Young and Bird remark, exist at the same horizon at 
Speeton.’ The section is now entirely hidden, but near a spring 
which issucH from the base of the li^ Chalk at the eastern side 
of Knapton Plantation, less than 200 yards distant from the largest 
of the old jiits, I have found several fragments of belemnites, trampled 
out of th(‘ clayey subsoil by sheep, and these appear all to belong 
to the stout variety of B, minimus (perhaps = A suhfusiformis of 
some authors), which abounds in the ]>as8ago-marl8 at Speeton. 

A well-boring at East Heslerton, 2 miles farther east, according 
to the account given in the Geological Survey Memoir, also passed 
through ‘ red clay ’ immediately below the Chalk, probably denoting 
the presence of similar passage-marls. 

As will presently be shown, the evidence of the western wold- 
scarj), both in Yorkshire and in Lincolnshire, is likewise in agree- 
ment with this interpretation of the Knapton section. “ 

In the more westerly of the Knapton pits, on the slope almost 
duo south of Knapton Hall, the clay seems to have belonged to an 
horizon altogether lower and not, strictly speaking, referable to 
any j>art/ of the true Speeton Series, a j)ortion of the Kimeridge 
Clay some little depth below the top being, I think, here 
represented. I found in one of these old pits a large limestone 
(5oncretion containing fossils, evidently similar to the septaria 
referred to by Prof. Judd;* which had presumably been rejected 
when the clay was excavated. This nodule yielded several identi- 
fiable fragments of ammonites, which I have every confidence in 
it^ferring to the well-known Kimeridge species Ammonites {IhpUtes) 
eadoxus^ d’Orb., a form known, as mentioned on a previous page, 
to the old collectors as A. evalidus,^ Bean MS. ]*hillips also 
records Jilujuchonelh inconstans. Sow., from the ‘ Kimeridge Clay, 
Knapton ^ (‘ Geology of Yorkshire,* Brd ed. 1875, p. 243). 

There is, therefore, much probability that we have in this clay 
the equivalent of * Bed No. 3 ’ of Leckenbv s Speeton section, and 
that the horizon is well below the summit of the Kimeridgian strata. 

Owing to the slipped state of the escarpment on these slopes, it is 
scarcely possible to make any safe estimate of the thickness of the 
day between this pit and the base of the Chalk, but it cannot be 
great ; so that whatever higher beds of the Kimeridge Clay may 

* ‘On the Subdivisions of the Speeton Clav,’ Quart. Joum. GeoL Soc. 
vol. xlv. (188t») p. m2. 

* Mem. Geol. Surv. 1880, ‘Oolitic and Cretaceous Kocks south of Scar- 
borough/ p. 20. 

* In Heligoland a similar sequence obtains (see Dames. ‘ Ueber die Gliederung 
der Flotaformationen HeWlands,* Sitxungsber. k. preuas. Akad.^ Wissenseb. 
Berlin, vol. 1. 1898, p. 103^, and here also no evidence seems to be forthcoming 
for the existence of tne lowest beds of the Speeton series. 

* Quart. Joum. Geol. Soc. vol. xxvi. (1870) p. 328. 

’ Prof. Judd mentions the occurrence of this ammonite at Knapton, but 
considers it (in his later work) as equivalent to A. faseieularis, d’Orb., a 
Lower Cretaorous species, from which, however, it differs in many respects (see 
a remark as to this in my former paper, Quart. Joum. Geol. Soc. voL xlv. 
1889, p. 613). 
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exist, along with all that remains of the Speeton Series, are here 
contained within a very narrow compass. Somewhere in this 
vicinity the final thinning-out of the latter must occur, as we find 
that in going westward from Knapton all trace of the Speeton 
Series is almost immediately lost, and the Red Chalk, also attenuated,^ 
appears to rest directly on the Kimeridge Clay. 

From th(; absence for several miles of any further section reveal- 
ing the character of the clays immediately beneath the Chalk, it ia 
rather unsafe to assert positively that no clay except the Kimeridge 
exists in this position, but no proof to the contrary is forth- 
coming. lour miles west of Knapton the hitherto westerly trend 
of the Wold escarpment is rather suddenly changed for a southerly 
or south-south-easterly direction, which persists up to, and beyond, 
the Humber, to the end of the Wolds in Lincolnshire. In the 
neighbourhood of the bend the character of the base of the Red 
Chalk undergoes an important alteration, by which, instead of pre- 
senting a gradual ])a88age into the clays, it assumes a pebbly or 
conglomeratic aspect,' and preserves this character in a greater or 
less degree throughout the whole extent of its course along the 
western margin of the Yorkshire and Lincolnshire Wolds. Some 
information regarding the underlying clays may be gleaned from the 
old spoil-heaps of the Burdule tunnel on the Maltou and Driffield 
railway. The northern end of this tunnel has been excavated for 
some dist ance in the clays, and has cut their junction with the Chalk. 
Such fossils as 1 hav(* been able tn recognize among the debris are 
all Kimeridgian forms, and none proper to the Speeton Series have 
been found. Fragments of belemnites are rather abundant, appa- 
rently referuldo mostly to the Kimeridgian sp(‘cie8 B. eajdanatuSj 
Phill., with i)erhaj)s also B, Troslayannsx and an imperfect specimen 
of the former speci(\s was obtained from the clay in the hanks of the 
little stream at Wharram Percy. It seems cleiir that in this region 
elevation and erosion were going on contemporaneously with the 
steady deposition of muddy sediment in the submerged area to the 
eastward, and that these eouditioiis continued to prevail until the 
sotting-in of that slow and persistent depression which brought 
about the accumulation of the great Chalk-formation. 

Along the western margin of the Yorksliire Wolds the pebbly 
base of the Red Cliulk is genenilly the only relic of this period, but 
in a few' places the conglomeratic baud thickens locally into a sandy 
deposit resembling the Carstoiie of Lincolnshire, and like it sepa- 
rable from the overlying Red Chalk.' Of this the best example 
know'n to me occurs at the head of Scotten Dale, the deep valley 
east of Kirby Underdole, 13 miles E.N.E. of York.^ In this locality 

' See W. Hill, ‘ On the Lower Beds of the Upper Cretaceous Serim 
in Lincolnshire and Yorkshire/ Quart Journ. Geol. Soc. vol. xlir. (1888) 
pp. 334-3r». 

^ J. F. Blake, Proc, Geol. Assoc, vol. t. (1877) p. 24.5. 

The Rev. J. F. Blake seems to have b^ii the first to call attention to this 
interesting section, see Gteol. Mag. 1874. p. and (tp, jam cit. p. 246. See 
also C. F. Strangways, Geol. Surv. Mem. ‘ The Geology of the Country N.E.. 
of York and S. of Maltou,* p. 25. 
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at the time of my last visit tho following section could with some 
difficulty be made out on the steep southern side of the vale : — 


Ft. In. 

White chalk not well exposed. 

6. Hard, pinkish and Yellow iah. lUKiuiar chalk seen for about 2 0 

b. Deep-red and yellowish luHlulnr chalk. Hrlfmnifes minirntta and 

fragments of abundant seen for about 2 0 

4. Soft, ahaly, red chalk 0 il 


3. Hard, gritty, nodular retl chalk, ii. minimum nbundatit I 0 

2. Yelh)w clayey marl wit h ferrugimnis ^jrains. ll. miniinm and 
lert'hrutula, sp. were found at (Ins horixon apparently in plains ; 
but the conditions suggested a slight |»ossihiiity of their haring 

lieon wttslied dt>wii from the locrlying red ciialk about 1 0 

1. Coarse, pebbly, (errugiintus sand ofdivp-browu coUair well seen for 3 dl 
Total tliickiiess proluthly about 12 ftHtt. IVbbhvi rangt^ up to 2 
inches in diameter, composetl of oolitic ironstone and phos- 
phatiml nodules, with small hliiok Hliining ' lyditcH,' quarU- 
grains, etc. 

Dark blue clay, n'fcrrod to the rp|M*r Lias.' 


In this section the marly layer, No. 2, which aj>]>ear8 to contain 
sparingly certain eharactcnslic Hed (^talk fossils, dislinidly suggests 
a passage downward from Uu* Ited (-halk inlo tin* underlying un- 
fossiliferous lerruginous sands; and the latter deposit so closely 
rosembltis tho Lincolnshire (’arstone in its giun ral appoaranoe and 
in its rtdationship t(» the Led Chalk that I think w'e may un- 
hesitatingly accept tho Lev. «l. 1\ Jllake s proposal that it should be 
correlated with t he (arstone. 

Mr. W. Jlill has suggested ' that the charueter of the base of the 
Led Chalk in general may be explained as resulting from the 
‘working up' of the underlying material during its deposition. 
But i think that in tin? above hectii»ii,aH at Kiuijdon and aiSpeoton, 
there is gfiod evidence for an actual downward passage at this 
horizon. The Yorkshire sections are tlius in agrtMunent with 
those of Lineolnshire, in which county, as Mr. A. Stnihan htis shown,' 
there is everywdiere the closest stratigraphical relationship between 
the lied Chalk and the underlying (Jarstone, often with clear jiroofof 
a gradual jiassage from one to the other. 

Traces of deiMjsits similar to that of Scot ten Dale occur in various 
places both north and .south of this locality, as at Wharram,* 
Leavening,' (i i veil dale' , etc., but always of greatly reduced thick- 


' Mem. Geol. Surv. ‘ Country N.E. of V'ork and H. of Molton,’ p. 10. 

* W. nill, Quart. Journ. Geol. vol. xliv. pp, thb, 

A. Stmhan, ‘On the liehitiotis of th«j J.ineolriMliire Camtone,’ Quart. Joum. 
Geol. Soc. vol. xlii. p-4^Stj, aliwj Mem, Geoi. Surv. IHHH, ‘ Country around 

Lincoln,’ p. lt»o. In these opinions Mr. A. J. .1 ukee-Browne docs not concur 
(Mem. Geol. Surv. 1^7, ‘ East Lincolnshire,’ p. Ifi, footnote). After examining 
most of the Lincolnshire sections, however, 1 am convinced that Mr. titrahan^ 
» on this mutter are correct. 

* J. F. Blake, Froc. Geol. Ass^x;. vol. v. (1877) p. 245. 

* W. llill, Quart. Joum. Geol. 8oc. voL xliv. (1888) p. 34L 
« J. F. Blake, Geol. Mag. 1874, p. 362. 
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ness and insufficiently exposed for study. In its still more 
attenuated form, as the pebbly basement-layer of the Red Chalk, 
it was revealed a few years ago in the railway-cutting of the 
Market Weighton and Driffield branch east of Goodmanham, being 
here of very coarse texture, with fragments of phosphatic stone and 
45oarBely-gritty oolitic iron-ore, up to 3 or 4 inches in diameter. 
In this vicinity the unconformability at the base of the Upper 
Cretaceous rocks reaches its extreme stage, the underlying strata 
being shaly limestone of Lower Lias age ; and in going farther 
south we find that the higher members of the Jurassic series emerge 
again in succession. 

In the extensive cuttings near Drewton, 4 miles north of the 
Humber, on the Hull and Barnsley railway, the base of the Red 
(^halk was at one time excellently exposed, and is still partially 
visible. These sections while still fresh were examined by 
Mcissrs. W. Keeping and C. S. Middlemiss, who record the following 
details ’ ; — 

Feet. Inches. 


Nuduliir red chalk 1 0 

Pale rirdular chalk 1 3 

Clayey red chalk 0 

Grey nodular chalk 1 0 

Bofl chalk 0 3 

Yellow -gr(*on clay () P 

Unctuous n*d clay 1 (J 


njsting on a ‘ dark, almost black clay, slightly shaly .... probably 
the Kimcridge Clay, but characteristic fossils were not obtained.’ 

It has been susj)(‘Cted that the uppermost portion of the dark 
clays beneath tlu' above may rejircBent some portion of the Speet^n 
■Scries,* and the clayey character of the base of the Red Chalk 
seems to favour the supposition. But a careful search has failed to 
reveal any evidence of the presence of the Specton fauna, the first 
fossils met with below the Red Chalk being, as Messrs. Keeping 
and Middlemiss pointed out, undoubtedly Jurassic forms, including 
Belemniirs ahhreriatus and B. Owenti, On general considerations, 
however, it seems just possible that some of the unfossiliferous clay 
immediately below the lied Chalk may represent the s])aringly 
foBsiliferous marls with Bclnnmies mivimits (A) which have been 
shown to occupy this horizon at Speeton and Knapton, though, as 
one of the cuttings still exhibits traces of a pebbly band at the base 
of the Red Clnilk, it is more likely that the Speeton Series is entirely 
Absent at this point. 

Nearer the Humber, in a small pit in the dale north of Ellough- 
ton, the Rod Chalk is seen to contain numerous small pebbles, and 
probably has a similar pebbly base, the underlying deposit again 
being dark clay, supposed to be Kimeridge Clay. 

^ ‘ On some New Railwav Sections and other Rock-Exposures in the District 
of Oave, Yorkshire,* Gkol. Mag. 1883. p. 218. 

^ A. Harker, * The Oolites of the Cave District,* The Naturalist (Leeds), 1886^ 
p. 231. 
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The 8um of the available evidence regarding the inland extension 
ot the S|)eeton Series in Yorkshire indicates, therefore, that these 
rocks undergo a rapid attenuation as a whole in a westerly direc- 
tion, and that all disappear within 14 miles of the coast except the 
upjiermost division {lielemnitts an aim ay-marls : Zone A), which 
persists as the pebbly or clayey basement-layer of the Ked Chalk, 
swelling locally into a thicker deposit of ferruginous sand akin 
to the Lincolnshire Carstone. 

The data are insufficient to prove whether the Lower Cretaceous 
Clays end ofi' against the edge of their basin of deposition, and are 
simply overstep|H*d by the Upper Cretactums strata; or whether 
a true uneonforinability, as in so many (»t her parts of the country, 
is developed in them at this horizon. That erosion took place in 
the western part of the district before the dejmsition of the Red 
Chalk is indeed certain ; but it is not certain that tin* clays of the 
coast-section ever extended so far westward. 


IV. riii: Si'KKrox Si:kii;s in LiNtoLNsiiiuK. 

a. (icncral Observations and Hibliograpliy. 

With resjM'ot to the Lincolnshire sections my privseni purpose has 
regard for the scMpuiiee of the rocks rather than for tlnur local 
stratigraphy ; and as the whole area has bocm reciuitly examiniKl and 
reported upon by tlie officers of th<» Geological Survey, wliose maps 
and memoirs ‘ afford all the necessary information Ixiari ng on the 
mode of 0 (*curren(te and extent of the various strata to be (jonsidorod, 
it will be neither recjuisite nor desirable that 1 should reiterate 
such details. My aim therefon* w'ill be t-o give the broader out- 
lines only of the general stratigraphy, but to entiT more fully into 
the palteontological and other evidence which may afford th(! moans 
for the correlation of the rocks in (|uestion with the more easily 
classified clays of the Speeton secthm. And indeed, though during 
the course of my field-work in this area i have gone repeatedly 
ov(^r the whole extent of the Jjower Cretac<roiis outcrop, I have 
concentrated my attention chiefly on such plac(!s as promised the 
best palieontological results. The most suitable loculi tiijs for this 
purpose have proved to be the broken CHcur])ment near Acre 
House, witli its abandoned iron-ore workings; the lirncfstono-pits of 
Normanby, Walesby, Tealby, and Willingliam ; the fine railway- 
cutting sections on either sidi; of Donniiigton-u[)on-Ruiri ; and the 
brickyards and sand- and sandstone- pits of the S[)ilsby district. 

Of the {laluiontological material collecti^d only a small portion can 
be adequately dealt with at present, but fortunately the cephalo- 
poda are sufficiently abundant and characteristic to allow of definite 

* Sheets (one inch) Nos. S4, and Monioirh, ‘ North Lincoliuihire and 
South Yorkshire’ (Sheet SGj; ‘Country around Lincoln* (Sheet 83); and 
« East linoolnshire ’ (Sheet 84;. 
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oonclusions bein^ drawn rospfctinp thr correlation of these Lincoln- 
ahire de|K)sitK with the SjH^eton Series of the Yorkshire coast, 
thereby clearing? away certain prevalent miseonceptions and pro- 
Tiding a safer basis for future discussion of th(‘ir age and origin. 

These lK*ds seem to be unref»resented at the nf)rth(‘m extremity 
of the Lineolnshin* Oetuci-ous eHcnr|>nieiit, the jH*bbly base of the 
Red (’balk in the vicinity of the HunilM T resting, so far ns is known, 
ilirectly on the Kimeridge Clay.' About f» miles south of that 
iutuary, h(»wevcr, thin sands and clays inten(‘ne for a short space 
h(-tween the Kimeridge (‘lay and the Chalk, but are not well 
exposed, and are sof»n again altogether lost beneath the over- 
lapping (‘halk. They reappear in stnmger force after a further 
interval of ahnut o miles; and thenceforward, from th(‘ neigh- 
hoiirhood of Caistor, are e/mtinued southward. Lmining ‘•teadily in 
imjtortance, up to the southern termination r)f the Chalk f‘scarj>ment, 

miles north of the VVasli, where the drift and allizviuiii of the 
low ground (‘nshroud them. 

When* best developed the diverse litlndogieal characters of this 
sz'ries hav(' afforded a ready and simple method of subdivision which 
ha« been udofited by all its investigators. These divisions arc 
fihow’n in the Table printed on f». CM, in which the results of prenous 
workers are stated and eoirifaired. 

In addition to the]»!ipers nn'iitioned in theTa)>l(*. Mr. H. Keeping 
gave in 1SS2 a short but valuable account of the series,* and 
especially of the .sections on tin* I.outh and Lincoln railway, 
now in great yiart obscured, fnmi which he had in J.^7- secured a 
largo colleetion of fossils, llis classification is essentially that of 
Prof. Judd and the earlier ol»s<‘rvers ; hut he seems to have 
been the first to (^all attention to the band of ydiospliatie nodules at 
the base of the Spilsby Sandstonz*. and bis fossil lists are in many 
resjKicts in advance of those of his predecessors, th(*ugh lierein, as 
in all the other ])al;eontologieal lists of the area yet published, 
the confusion of Ihleinnita' hnmsrurtm/t with Ji. and the 

vagiumessof the spocitie names employed for the* amm(mit(‘s, seriously 
impair their value as aids to the eorn lation of the deposits. 

The detailed comparisons of the Sperton section with the Lincoln- 
shire deposits previously put forward are shown in the Tabh* facing 
this page.* 

* A. Strahan, ‘On the Lincolnshire Cnrstonc.’ Quart. Joum. Geol. Soc. vol. 
xlii. p. 489. 

“ H. Ket»ping. ‘ On some S<'etious of Lineoliishire Neocomian,’ Quart. 
Journ. Geol. Sue. vol. xxxviii. (1882) j>. 2.*i9. 

’ The same err(»r pervades nearly all the fossil-lists given by Prof. Judd and 
the Survey, and also afTects the Continental lists in Judds jmjwr in Quart. 
Joum. Geol. Soc. vol. xxvi, (1870) p. ,‘i2fi. 

* The correlation given in the late Mr. W. Keeping’s ‘ Fossils, etc., of Fpware 
and Brickhill’ (Cambridge, 1883', p. xi. is omitted, being practiindly a repro- 
duction of that of Prof. Judd. There i.*s also a brief correlation by Mr. A. J. 
Jukes-Browne in his paper ‘ On the Application of the term Neocomian * 
(Getd. Mag. 1880, p. Sll\ based uyK)n Prof. Judd's account of the Speeton 
sections. 
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The sehomc first proposed by Paviow in 1889, after his pri>- 
liminary study of the fossils of tho de|)osit«, and afterwards more 
fully 8tatt*d and sliphtly amended in 1891-92, is substantially that 
which I brought Ind’ore tho Hritish Association in lv899, and ropn>- 
duced in ‘ Argiles do SiK'oton et lours f'quivnlents * in 1891; and 
l)etween this and the proju wit ions of the previous workers there are 
radical dift‘erencos.‘ Further investigation has fully confirmed tho 
eorrelstion suggestt d by I’avlow and myself, and it is now sought 
to place on n^eonl the field-evidence, not heretofore ])uhlishod, by 
which the eomjmrison is sustained. Amid the gt'iieral discussion 
of this evidence some side-issues will he debated which art'of niuoh 
conROipienci' to the right understanding of the relations of the scries 
us a wlM»le. The dejsisits will he considered in their npwuird 
st ratigraphical sequenct^ 

li. The Kimeridgi* (’lay. 

In comj>firing the Yorkshire and I/incolnshire arcaa wo possoNs in 
the KinoTidL’e ('lay an admirable base-line. 

lliough, owintr to the crushed e<»iiditi(Mi of the fossils in both 
districts, the list of n‘e<»gnizahle species in common is short, the 
general similnrit}' iti position .and iauiiposition is Hr» close that no 
reasonahl*’ (l**uht can exist lliat the hituminous shales'^ which 
underlie tlie SpiNhy Sandstone everywh'Te to tlie southward of 
(^listor in Iane(»lnshire ar<‘ tlie e(piivaleiits of the similar shales 
(Xone F) undrrlying the * Coprolite hod ‘ (/one K) of tin* S[K*eton 
sectir»n, and were laid down in th(* same h.’Lsin of deposition. 

It is indeed p(»s*,ihle that the uppermost portion of this deposit 
may have been locally removed by erosimi in certain areas in Lin- 
colnshire previous t«» th<‘ deposition of the Spilshy Sandstone, since 
the researches fd’ the (ieologi(?al Suiwey have gone to show that 
there is a definite uneonformahle overlap of that rock in th<i 
northern ]uirt of the county;' and tin* absence, so far as is yet 
known, of the large helemnites of the ^her*M'»-gr(»up { llvUmhiien 
nuKjnificxtis^ /^lzo/ri, etc,), which occur at SjHadrm at the top of the 
hitunnnous shales, may perhajm he thus uecounteaj for. These 
ffwsils are, however, by nr» meatis common even in tl)(' slmre-exjx/- 
Mures at Speeton, and it may well he that their apparent a hserice 
in Lincolnshire ariwe.s only from the Jack of good collecting-grourid 
at this horizon. 

* With rosjs-ct to the Gcolocjieiil Hiirrcy publi(«tionH, it im to tM* noted tlmt 

the Lincolrisnire deposits containing lirfemniten lahrtiltH arc fullv dfsRTttsMl 
in the recent ly-|)uhlish»f<| Mem, Oeol. .Siirv., ‘The JaniKwic Ihicics of Omut 
Britain,' vol. ▼. ^pp. rt and the cf>rrcH|Hirjfling [Kirtion of \ 

Clay in vol. i. ( Yorkshire; of ttie nariie iw^rieH, anti thin f/i imply an 

acceptance f*f the viewi of Prof. Pavlow rewjHS'ting their age, tViough no 
very definite opinion is in either cnis* expnuMsd. fvs? setMUid diriiton of 
Tidile of corupariflotiH. 

'■* For further information regarding the Kiiiieridge Clay, «ee J. F. Blake. 
<)uart. Journ Ge<d. Soc. toI. xxxi. (IHT.a) pp. ; T. Roberta, ifjtd. 

▼ol. xlr. (1889) pp. 545 A(iO, and Owd. 8urv. Meins., iam Ht. 

• Mem. Oeol. Surv. 1888. ‘The CTountry around Linc^dn * (Sheet 83), p, 82. 
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Bui, iritb this resenration respecting: the uppermost part, we may 
safely state the general equivalency of the Upper Kimeridge deposits 
of Yorkshire and Lincolnshire. 

c, Tlic Basement-bed of the Spilsby Sandstone. 

The base of the pale greenish or reddish quartzoso sand or 
sandstone which overlies the Kimeridge Olny everywhere in Lin- 
colnshire southward of Caistor is marked by the presence of 
numerous dark phosphatio nodules, usually from 1 to 3 inches in 
diameter. 

.\t Speeton there is nt the same h(»rizon a similar though more 
compact hand of ‘ coprolites * (Zone E), and in this respect the two 
an'as are distinctly comjmrahle. These noduh*s, first noticed as 
above mentioiuHl, by Mr. 11. Keeping in a railway-cutting near South 
Willingham, were afterwards traced by the officers of the (JeologiciJ 
Survey over an extended area.* and hv IIkmii were considered to bo 
derivative |H'bbles marking the destruction of pre-existing deposita. 
It a]>pcar8 to me, how(‘ver, that the derivative character of tliese 
nodules is exceedingly doubtful, this view being liable to the same 
objections as ajqdy under similar circumstances nt SiuMdon.'** 

The composition of the so-called pebbles tells strongly against 
their derivative* origin. Wherever I have* b<‘en able* to examine 
them tb(*y have been of uniform eharacter, without admixture, and 
have all jwesented the same dark phosphatio exterior and eroded 
aspect, lint in many instaiiees when bro)a‘n op(*n th(*y reveal a 
gritty interior not unlike that of the overlying Handstorie, and when 
dissolved in acid they leave an abundant residue of somewhat coarse 
quartzose sand, which distinctly Buggests their original accretion 
in a sandy matrix lik(* that now enclosing them, and is not 
U) be reconciled W’ith the idea that they were once concretions 
in the Kimeridge Clay. Moreover at Speeton, where the nodules 
are enclosed in pyritous clay, the only residue obtained on dissolving 
them is a little dark fetid mud with groups of angular ])}Titc*s- 
crystals and a very little fine sandy silt. They occur in both 
localiti<^s mostly in the form of more or less obscure casts of shells and 
portions of the whorls of ammonites, .somertimes riddhrd with the 
tube-like esvitios of boring ujoIIusch ; and those fossils, when 
recognizable, are distinctly not such us characterize tlx; subjacent 
strata or any other def)OBit of a lower horizon now existing in the 
areas. The specific determination of these casts is of course full 
of difficulty and uncertainty, as is shown by the states of the lists 
published in the Geol, Surv. Mems.’’ from the collection made in 
Lincolnshire by Messrs A. T. Jukes-Browne and M. Staniland. The 
lista contain a total of nineteen determinations; but in only eight 

* Mem. Geol. Surv. 1888, ‘ The Country around Lincoln,’ pp. 89 et »eqq,,and 
ihid. 1887. * East Lincolnshire,’ pp. l/i et eegq. 

^ * Subdirisiona of the Speeton Clay,* Quart. Joum. Geol. Soc. vol. xlf, 
(1889) p. 588. 

• ‘ E iat Lincolnshire,* p. 139 ; * Country around Lincoln,* p. 93. 

aJ.G.S. Ko. 206. p 
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instanoet is the species stated, the remaiDder giving the genus alone, 
lioreover a footnote is added to the Hitts expressing great hesitancy 
in the ideutihcatious. The following are the fossils mentioned : — 

Species: Terebratula ovoides^ Bby., WuldJieimia Woodwardii^ 
Myacitei renirva^ Lwina jiortJandicu^ Shy., Thracia Phillijjsii^ 
lioem. {or df/fressa^ 8hy*)» Ammonites hipUxf Shy., A, plicatUuy and 
A,* speetonensis^ Y. & B. 

(jK5EKA : Arca^ 8p., AstarU^ Cyprina, CucuHta, sp., Isocardia?^ 
lAma, Bp., PectunculuMf sp., Triyonia^ sp., SalicUf sp., Pieurotomaria^ 
Bp., Belemnitegf sp. 

In diKcussing this list wc may at once dismiss the genera, re- 
marking only that the rotund form of the casts, the presence of the 
imjjression of both valves in the case of bivalves, the absence of 
fragments of oysters and other characteristic hard fossils occurring 
abundantly in the underlying strata, and the gcMjcral facies of the 
assemblage, are all points which tell against the derivative origin of 
the nodules. But when we turn t-o the consideration of the 
BjM'cies ahovo-mcntioned, we do not find any better tvidonce in 
siip[K»rt of the statement that ‘there can 1 h‘ no doubt that most of 
the phosphates have hoen derived from the Kimeridge Clay * (* East 
Lincolnshire,’ p. IBlf). Tenbmtula oroides, 8by., if it be the 
spw^ies mentioned by Mr. W. Keeping,* Las been found in blocks 
supposed to have been derived from the Spilsby Sandstone, and 
also in a phospbatized condition at Upwarc, Briekhill, and Potton, 
and therefore if the species ho rightly dotennined the evidence is 
entirely against its derivative character. Waldhelmia Womlwardii^ 
AV’alker, is not known to exist in rocks of a lower horizon. AJyavitrs 
rrrwmi is rcferrt*d to at- the foot of the list os being a form which 
* might equally well Ih) J^anvjnra ueoromiensis ; and on the other 
hand Thracia PhiUipsii may well bo Th. depvessa of t he Kimeridge 
Clay.’ Lncliia jtortlandica occurs commonly at SiK*el.on as a cast 
in the ‘ Coprolite-b<^d ’ (Zone E), and ap{)ear8 to bo confined to this 
horizon both in Yorkshire and Lincolushirc. Ammonites Inple^r^ as 
the name is usually applied in England, is almost without deter- 
minative value even when the specimens are well preserved, since 
almost ever}' round-whorled ammonit-e with bifurcating ribs, from 
w»hutever horizon, has in turn received the title, whether it be 
of the genus Perisphinctes or Olcosteplianug or w’bat not. In some 
of our public collections, for example, specimens from the Upper 
Kimeridge have bi^n mixed with others undoubtedly from the 
‘ Zone of Ammonites speetonemis ’ of the Sj>eet.on Clay under the 
common name of A, biplear,^ A, sjteetonenisis stands in exactly 
similar case, being a much-abused spK;cies into which it has been 
the fashion of English paloDontologists to thrust almost any 
form of the genus Olcostephanus that had the misfortune to be 
found anyw'here between the base of the lied Chalk and the top of 

' W. Keeping, * Fossils of Upware, etc./ Cambridse, 1883, pp. 34-37. 

• See Quart. Journ. Geol. Soc. vol. xlv. (1889) p. «13. The laet-menrioned 
form, Ammonites ctmcinnits of Phillips, is nn'ognized by Parlow as including 
(Heosiepkanus {Simbinkites) subinversus, M. Pari., and other allied speciea. 
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the Kimeridge Clay. A, plicatilis^ another • difficult Bpecies,’ is 
usually considered an Oxfordian and Corallian form, and niulor 
the circumstances the value of the detcTinination is altogether 
doubtful. These fragments of ammoniums are in fact similar to 
those occurring abundantly in the ‘ C(>|>n)lile-lHHl ^ (K) of Sjm*ton in 
like prt'servation, which Prof. Puvlow has studied and illustrated in 
‘ Argilos de Spt*eton * (pi. ii. & pp. 1 14 and 1 15), and considers to bo 
the relics of a fauna not otherwise represenUKi in the sei^tion. 
The 8{K»cio8 he has identified from Sj>eeton are given in the Table 
of Ct>phalo()oda faring p. 1 ^4. Thus wo see that lM>th the composition 
of the nodules and their fossils tell strongly in favour of iheir 
original accretion at their j»reseiit horizon. 

The weakness of the fossil evideiiee for their derivative character 
was evidently felt by tin* writer of the ‘Hast laiieolnshire ’ 
memoir, who therefore puts forwani the further suggestion that ‘ it 
is just |K>ssiblo that there were certain older Nec»oomian bcHls 
(destroyed lHd(>re the deposition of the Spilsby Sandstone), and that 
some of the casts were <lerived from tliem.’ Itut ns it will presently 
be demonstrated that the SpilNby Sandstone represents the lowest 
horiron of the S[MH*tofi Play (wliieh has been shctwii by recent re- 
searches to he older than any know'ti Xeocomian rocks and more 
closely allied to the Jurassic than to the Lower CretaeiHHis), and as 
the iralicontologicaj evid(?nee denionstratiw that th<‘r(* aro no lM*ds 
missing at this horizon in Linoolnshiro which occur in Verkshire, 
where, if my reading of the section be correct, t hr-re is ]rraetically 
an unbroken record from Jurassic to Vpper (-retacf^ous times, it 
is difKcult to believe that the supirosed berls can ever have existed 
in the area. 

Except in one jrarticular, the nodule-bed of Lincolnshire is indei'd 
in all respects anab^gous to the ‘ Coprolile-bed ’ of SjM'cton, the 
difference being that w hile the latter occurs as a band in tJie midst 
of a conformable clayey or ahaly series, and does not murk any 
striking lithological change, the former is developed along a very 
important stratigraphical horizfm at which the great clayey series 
of the Middle and Up(>er Jurassics gives place to the coarse sandy 
deposit forming the Spilsby Sandstone, a change evidently be- 
tokening a w'ide-reaching revolution in the physical eonditionb of 
the region. There seems moreover, as already stated, to he 
evidence of actual erosion and unconformability at this horizon as 
we approach the Humlier,* and it is therefore the more remarkable 
that the nodule-bed should not (;ontai» better indications of the 
destruction of the older strata if any ‘ j)ehbles * w'cre really derived 
therefrom. But all the arguments which at Sjioeton tell in 
favour of the formation of these phosphatic stones as nodules con- 
temporaneous with the de{>osit have equal strength in Lincolnshire. 
In both districts the stones, though most abuTiclant at a dehnito 
hoiizon, are by no means confined to it, but occur at other lovcU» 

* See GeoL Surr. Mctn. 1888, ‘Country around Lincoln/ p. 82. 

^ Quart. Joum. Geol. Soc. vol. xlv. (18811; p. 584. 
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or sparsely scattered tbrougbont the series ; they contain certain 
fossils proper to the bed in wbicb they occur ; and their eroded 
surfaces show loss appearance of rolling than of corrosion from the 
attack of rarious destructive organisms inhabiting the sea-door, 
whose activity is similarly manifest on the undoubtedly indigenous 
fossils of the deposits. 

Tlie subject thus raised has broad bearings, and if my view be 
correct there are many localities other than those now in question 
where a revision of the evidence for the dc'rivative character of the 
‘phosphate-stones’ is desirable. I am satisfied, for instance, from 
a recent examination at Hunstanton of tlic mode of occurrence 
of Hopliien DeJthmjeitii and other fossils thus preserved towards the 
base of the Carstone, that these are ]»ropf*r to the deposit and not 
derivative and a study of the literature relating to the* phosp)hatr- 
beds ’ at Potton, Wicken, Upware. etc.,* sliows that most of the 
investigators of these localit ies have foniid if necessary to allow that 
some at any rate of the nodular material is not older than the bed 
in which it occurs. 

It is not my purpose, however, to ptirsue the wider question on 
this occasion,*' and I shall content myself for the present by n^stating 
my conviction, based on a careful study of the various types of 
nodules and concndi(mR marking the different horizons of the 
Hpeeton Olay, that some of these, including the dark phosphatic 
stones, have gathered in the mud of the s<‘n-lM)ttorn, and have formed 
hard masses before the accumulation of the overlying strata,* and 
that the comparative rarity or abundance of concretions of this type 
affords n rough measure of the rate of deposition of the enclosing 
material. 

The investigations of the Challenger expedition ' have taught, 
us that the formation of nodules both of phosphate and manganese 
is still taking place in areas of slow de|>osition lameath our existing 
oceans, and from the descrijition given of the former they appear to 
agree remarkably in shape, size, and general characters with those 
under consideration. It is true that the conditions are in many 
respects not analogoiis, but the phenomena are probably, none the 
less, closely illustrative of those of our Jurassic and Creteceous seas, 
wherein the marine sediments seem to have been characterized by 

* See reference to these in W. Keeping*g 'The Fowils of Upware and 
Brickhill.* Cainhridge, p. Tu. 

* Among other worke J. J. IT. Teall, * The Potton and Wicken Phoephatio 
Thmofits* (Cainbridge, 187rd ; W. J. Sollag, Qtiart. Joum. Gool. Soc. vol. nix. 
18f3. p. 7<» ; W. Keeping, op. jam eit. p. 17. See also the discussion between 
Walker. J. F. (Ann. k Mng. Nat. Hist. ser. 3, vol. xtiii, pp. 31 k and 
XX. p. 118), and H.O. Seeley (Ann. & Mag. Nar. Hist. ser. 3, vol. xviii. p.lll. and 
XX. p. 2.3) ; and O. Fisher. Quart. Jouni. Ge<»l. Soc. vol. xxix. (1873; p. 

* For an excellent summary of our knowledge on this subject, with extensive 
bibliography, see R. A. F. Penrose. Jun., ‘Nature and Origin of Deposits of 
Phosphate of Lime,’ Bull. U.S. Geol. Surv. vol. vii. no. 4t> (1888). p. 47.^. 

‘ At the meeting of the Geol. Soe. previous to that at which this paper was 
read, Messrs. A. J. Jukes>Browne ana Hill put forward a very similar explana* 
lion for the phosphutised fossils and nodules of the ‘ Cenomanien.* 

* Challenger Reports, * Deep-Sea Deposits’ (Loudon, 1891), p. 391. 
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an exceptionally high percentage of phosphoric aoid.^ After such 
nodules were formed a local increase in the strength of the current 
appears often to have wafted away the matrix, and the harder matter 
was thus ex)K>sed to the corrosive action of the sea- water and its 
denixens, pn^ucing on the nodules a misleading ap^Hjaranoe of wave- 
erosion. 

As to the length of the pause in the setlimentation denoted by 
these bands of nodules, we can judge only from the evidence of 
other regions where tlie interval is more fully represented, or from 
the change to be noted in the fauna of the strata above and below 
such bands, in this partieular iiisUince Prof. Pavluw, as already 
mentioned, believtjs that an ammonite-zone well develojKsd in Russia 
is at tSpeetou condensed into the.se4 inches of nodular matter. 

rf. The Spilsby Sandstone. 

The lithological and strnUgraphical eliaracters of this deposit 
have already been sutliciently indicated. Where it occurs in the 
condition nf a loose >aud tlie fossils exist only in the form of 
obscure hollow luisUs ; but it usually consists in pari of irregular 
coucretionury masses, often extremely hard, in which fossils are 
frequently Hhundant, though ditficult to extract and Hoiiietimes 
injured by crushing. Tlie most prominent feature of the fauna is 
the abundance of the bivalve iiudlusca, mainly referable to the 
genera yVrhii, Ltuta^ Trinotua^ many of 

which are well preserved. Hut a glance at t hi- j»uhiished lists * will 
suffice to show the uncertain slate of the iiomem lature, and as it 
is not in my power at present to give more ]»recise information 
regarding these tonsils, 1 dt» not propose herein to discuss them further 
lhan to state that 1 c;in re.e(»gni/.(‘ among tiiem some forms which 
ocxur at Speetoii in the ‘Pale Reds’ (JXi and 7 ) of the zone of 
Btlemniteti that several species could be maUdied, I think, 

in the Hartwell Clay and ecjuivalent Jurassic strata further south.' 

* Considering the cleiir evidence which we now possess of the alternating en- 

croach in eiiU of a northern and asouthurii fauna into certain {larts of the Nortti 
£uro|K*an baMn during the ejioch of the formation of the rocks btitwiwri ilia 
Kiineridge Clay and the Clmlk, and the pJentiful oceurrence of phosptuitic 
nodulat where the northern autl southern faiinus meet, in the eoinpoiind- 
nodule band, D 1, at 8jieet(<n, the following in the CluUlryitf^r Rtiport 

reiatire to the mode of <x*eurreuoe of the rec«*nt nothiles is at least worth 
noticing (p. ‘It may ts? poiiite<J out that pliosphatie rnsJules are 

apparently more abundant in the aeposits along coasts wliere there are great 
and rapid changes of teiiqierature, arising from the meeting of cold and warm 
currents, as, for instance, off tlie Cape of G.mkI Hope and off the eastern coast 
of North America. It seems highly probable tliai in ihene places large numbers 
of pelagic organisms are frequently killed by these changes of tcriifierature, and 
may in some instances form a considerable layer of decomposing matter on the 
bottom of the ocean.' 

* Geol. 8urv. Mem. 1887, ‘East Lincolnshire,' p. 140; H. Keeping, Quart. 
Jouru. Geol. 80c. vol. xxxviii. (18»2; p. :Ai ; GeoL 8urv. Meui., * Jurassic Hocks 
of Great Britain,' toI. r. 

* [Hinee this paper was read. Prof. Pavlow has described and figured AyceUa 
tofyensts, Lahus., and AuceUa ml^enns^ var. radioUUa, Pavl., both found in the 
‘ zone of Ammonitet tteutunphalua ' in Hussia, from the Spilsby S and sto n e of 
DonorngUm (aee p. 21o). — April 22od, ISilG.] 
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The cephalopoda are decidedly lean abandant than the lamelli* 
branohiata, but fortunately are still sufficiently numerous and charac- 
teristic to provide safe grounds for the correlation. The belemnites 
are widely, though scantily, distributed, and ail the specimens yet 
discovered are of the fotem/is-type {Belemnites explanatoi(le8^V?i ^\, ; 
B, lateralis^ Phill. ; B, rvssiensis^ d’Orb.), forms occurring in the 
lower part of Zone D at Speeton. 

The ammonites, though less rare, are not, as a rule, well pre- 
served. They have been referred by English paleontologists to 
various species of obscure antecedents, such as Ammonites plicom'- 
phahis^ Sby. ; A, mutahilis, Sby. ; A, Kcenirpi^ Shy. ; A, rotundus^ 
Hby. ; all names more or less vaguely applied in England, but 
usually to Jurassic forms. More recently Pavlow '^has identided, 
among other species, 01cmtephanus{Cras]>edites) mtltdiius, Trautsch., 
a well-known Continental form of great value in the correlation. 
At Speeton the corresponding horizon appears to be found in beds 5, 
fi, and 7 of Zone D. These arc almost devoid of identifiable am- 
monites,* but the correlation is, 1 think, well established by the 
belemnites, combined with the evidence of the overlying and under- 
lying strata. I have no doubt that, w^hen the remaining branches 
of the fauna have been more thoroughly studied, a relatively large 
number of the species will be found to be common to the two 
areas. 

It is very probable, however, as will presently appear, that the 
up|)er boundary of the Spilsby Sandstone is not everj’whero of 
exactly the same age, the accumulation of sandy material having 
persisted longer in some localities than in others. 


e. The Claxby Ironstone. 

The paucity of sections in the Lincolnshire area is especially 
detrimentjil when w’e attempt to deal with this deposit and the 
overlying Tealby Clay, In the neighbourhood of Caistor, and for 

' As illustrating some of the diflicultioB of the palieontology it may be 
noted that^ of Sowerby’s two type^ of Anmomte» plicomphniuK now preserv^ in 
the Natural History Museum, one is labelled as from ‘ Kelloway Rock. Boling- 
broke/ and the other • Kimeridge Clay/ Both are in a matrix of Spilsbj- Sand- 
stone. In all the oollections, foasils from the different horizons in Lincolnshire 
are much mixed. 

^ * Argiles de Speeton/ p.ll6 (sep. copy). 

* In oolleoting from the ‘Pale Beds^ (H 6) at Speeton I bare obtained 
curious evidence of the former existence of large ammonites at this horizon. 
Full-grown {sinuata, var. cf. Covloni) are of common occurrence, 

and one of thei presented on one surface an excellent cast of a segment of 
the interior whorls and ribe of a large ammonite, to which the oyster bad 
evidently been affixed. The oast is insufficient for specific determination, but 
shows clearly that the ammonite has not been of the deep-whorled Pdyptv^ 
rAfrc.v-type such as tenant the overlying beds, but may have been akin to the 
C/xupsdifss-group of T' 
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few miles farther south, the Spilsbj Sandstone is capped by this 
band of oolitic, cLiyoy, and sometimes slightly gritty ironstone 
crowded with ftwsils, which is almut 15 feet thick in the brow of the 
hill south of Nettleton, where it has been mined, but probably not 
elsewhere so thick. In this locality both the upward and the down- 
ward limits of the ironstone-rock are fairly definite, but it is usually 
overlain by a clayey band crowded with oolitic ferniginous grains 
which api^ears to contiiin the fauna of the ironstone along with a 
few newer forms. Northward it seems tn thin out and disappear 
shortly before the accompanying strata are overlapped by the Upper 
Cretaceous rocks near Clixby. In the op|)osito direction it is still 
a well-marked feature in the series 12 miles south of Nettleton, 
the railway-cutting at llenuiwort-h Haven, near Donnington, de- 
scrilKjd by Mr. II. Keeping,* revealing !) feet of this rtKjk, while 
its original thickness may have hccn more than this ; hut further 
south it apiKjars to merge more or less into a <;layey deposit. At 
the southern termination of the Wolds it is represented by irregular 
gritty ferruginous hands with deep partings of sandy clay. East 
of the Wolds it was recognized in the borings at Willoughby and 
Skegness, and in both localities was interstratified and mi.xed with 
clay.'* 

By Prof. Judd and the officers of the (Jeological Survey the 
Claxhy Ironstone is classed with the Teulhy C’lay ; hut the ourlior 
oliscrvers, Messrs. Dikes and Ix^c, were inclined to connect it with 
the underlying sandstone,* and Mr. II. Keeping observes that its 
fossils ‘ differ somewhat considerably from those of the clays and 
limestone alsive * (o;>. cif. p. 241 ). 

As in the Spilshy Sandstone, lamellihranchs are the most abundant 
fossils. These are chiefly of the genera Aa'eyvm, Tritjonia^ Peeien 
(including numerous individuals of the gigantic I\ cinctnn)^ 
('uculUra^ Liuta^ Panop(ra^ etc.* Many of the HjKJcics occur like- 
wise in the underlying sandstone. Brachio|K)da are also numerous, 
espeeially in the Acre House section, where they seem to charac- 
terize the clayey material immediately ovcrl}iiig the harder rock 
(see section, p. 20;j). 

The cephalojKMla are represented by both ammonites and helem- 
nites, but while the latter are of common occurrence, the former 
are rare an<l poorly preserved. All the helemnites that I have 
]>cen able to observe in place in the Ironstone, whether at Nettleton 
Hill, Donningtoii, or Hundlehy, have belonged to the f/ttm/Zw-group 
(including B. lateralin^ Phill., B. rusfienn*^ d’flrh., and B, $ub* 

‘ Quart Journ. Geol. Soc. vol. xzxTiii. p. 24.3. 

* A. J. Juken- Browne, iftid. ?ol. xlix. (IW),3) pp. 4r»7 St 472. 

* Mresrs Dikes and Free's description of the deposit ix hs follows : — ‘ A mass 
of small, globular, shining grains, of n dnrk brown colour, eementcfl together by 
ferruginous matter; it rKx;tirs in the higher part of the bt^l f green sand and 
•andsume] nearly at its junction with the grey sU>ne ; and, possibW, ought to 
have been classed with it,’ Mag, Nat. Hist, ser, 2. rol. i. M8.3|) p. 

* Prof. Fallow (op. ci^.) has recently recognized among these Aucella Keyter* 
linyi, Labus., a form well known in Russia. 
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quadrahii^ Boem.). Bat from the epoil-heapa of the abandoned 
minea near Acre House I have also obtained a few fragments of 
B.jamhim^ along with two pieces of Ammonita {HopUtes) of. reffolit 
(norieus of Judd) and a fragment of Olcoitephanus, near AMiUr^ 
ianuSf d*Orb., which appear to have been embedded in a matrix of 
clay with ironstone-grains. 

The ammonites collected, with the above exception, are all deep- 
whorled Olcontephani (subgenus Polyptychites of Pavlow), including 
OlcoiUphanm (Polypiychiies) BlaH, Pavl. ; 0. (P,) Beani, Pavl. ; 
and 0. {P.) cf. ramulicosta^ Pavl. ; which are all species charac- 
terizing the upper part of the 'Zone of Belemnites laieralu* at 
Spec^ton. 

These cephalopoda alone are sufficient to fix the correlation with 
the Speeton section, and their evidence is confirmed by several other 
fossils common to the two areas; among others being Exogyra 
tinuaia, var. (a well-marked form which 1 think should rank as a 
separate species), Astarte gmecta. Bean MS., PhoUuhmya^vg.^ Arca^ 
Bp., etc. Many of the lamellibranchs, however, such as the Trigmias^ 
Cueull(p(f^ etc., and some of the bruchiopods, which abound in the 
Claxby Ironstone and the Spilsby Sandstone, have not been found 
in the Speeton Clay, while other fossils, like certain sj^ecies of 
Lingula^ Eucula^ etc. which are plentiful at Hpceton do not occur 
in Lincolnshire. This differentiation of the contemporary faunas is 
evidently the outcome of the difierent conditions of depth, nature of 
sea-bottom, etc., prevalent in the two areas ; and their mutually 
complementaiy character at these and other horizons will prove of 
the greatest value when the paloDontology of the w hole series comes 
to be exhaustively studied. 

The Claxhy Ironstone as developed at Acre House and Donning- 
ton may then be regarded as equivalent to the beds 1)1 to D4, 
forming the upi)er part of the ‘Zone of BelnnniUs laUralis^ 
in the Speeton section ; and the presence of the precursors of a 
change of the fauna in its topmost clayey layer brings the 
stratum into the closest agreement with the Yorkshire beds, where 
we find the same indications at this horizon in the Compound- 
Nodule Band, D 1. 

From this correlation it follows that the pala[)ontological affinity 
of the deposit is altogether with the underlying Spilsby Sandstone, 
although Btratigrapbically it eeems to be more closely connected 
with the overlying Teal by Clay. At Nettleton Hill it is clear that 
the ironstone and associated ferruginous clay extend quite to 
the top of the zone of BeUmnites latfralis. That the striped clay 
immediately overlying it contains a different fauna is well shown 
by the following section, recently exposed by a slip in an old 
quarry, at the second fence south of the old mine-buildings near 
Aore House: — 
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iSklioN A 2 } 9 aa«d a slip in the qfiarried escarpment south of 
Acre Home Mine^ 

Feet aeen^ 

Striped pale and dark blue day, slightly loamy, with pale 
browu nodules with dark pyritous interior. BeleinniUe 
jacuium (mther plentiful), rU'i>gyTa tinuaia (large typical 

torm), and other (undetermin^) shells about 10 

Clay crowded with oolitic ferruginous grains. 

It. lateralU (abundant) ; many brucliiopods about 1 

Slightly gritty oolitic ferruginous rubbly rock, crowded with 
fossils. B. fateralis, Pecten cinctus^ Exotfyra iiimata (small 

angular variety), etc al>out 7 

Spilsb>' 1 Coarse greyish sand, indunited at the top, soil and inco- 
Sandst. \ herent below. B, lateralis^ and casts of shells ... about 12 

In the lower part of the Teolby Clay in this locality I have not 
been able to find any ammonites or other discri mi native fosaila 
except lieUnmitf» jacuhim^ and am therefort^ unable to decide what 
portion of the extensive zone of It. Janthim ia repreaenled ; but from 
the prc8<uict‘, at a slightly higher le>el, of forum which at Sjweton 
make their first a])pearance 5(i or 0(1 feet above the base of the zone, 
and from the absence of some eharnct eristic f)m cies of the ‘ noriats^ 
beds * (C h, 10, <& 11), ] am inelined to think that not only in this 
section hut throughout Lincolnshire, llie lowtT portion of the zone is 
absent, except for that small portion of it which may Ikj represented 
by the clayey hand forming the top of the Ironstone. 

The unfortunate absence of sections jnevents an uccuraio demar- 
cation of the upward range of IkltinniUs lateralis farther south in 
Lincolnshire; though at Donnington, as at Nellletoii, its limit 
must he at or about the top of the Ironstone, at which horizon 
H. Keeping ‘ records Amm. vorievs ( I/ojtl, rer/alis). At any rate, tho 
pit in Tealhy Clay at the brickyard adjoining the railway-station 
there, which seems to be very little above the top of the Ironstone, 
yields no other helemnites except jacuium ; while the uromonites, 
Olccmtephanue (Shubirslitet) umbonaiuSy I^ahus., and cf. J^atferiy^ 
Toula, and other fossils found in it show that the horizon is at 
least midw'ay up in the Zone of if. jacuium (see p. 207). Nor, 
80 far as the scanty evidence tells, is there anywhere south of 
this place any indication of if. lateralis in the cln}8 above the hpilsby 
Sandstone until we reach tho southern extremity of the escarpment, 
w^here just before the series disappears leneuth the superficial 
deposits of the Fenland, we find an important modification of the 
conditions. 

In this neighbourhood, from 1 to 2 miles west of 8pilsby| 
there are outliers of clay on the SpiLhy Sandstone, which at 
Hundlehy, and again at Marden Hill near East Keal, have been 
extensively dug for brick- making. These clays have always been 
mapped and recognized as part of the Teulby Clay, and must indeed 
originally have been conterminous with that deposit ; yet they 
contain lateralis and its accompanying fauna, from botto])ii to 

1 Quart. Joum. Oeol. Boc. vol. xxxriii. (1862) p.242. 

* 6es nots, p. 2(^7. 


Tealby 

Clay. 


Claxb}' I 
Iron- 
■tone. I 
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top as far as exposed, and must therefore be considered along with 
the Bpilsby Sandstone and the Claxbv Ironstone as forming, for 
palfeontological purposes, the ‘ Zone of Belemnites lateralis' The 
Boctions afforded by these pits are as follows : — 


Section at the western end of Hundlehy Brickyard, 

Feet. 

Ferrti^inouii gritty clay, partly indurated and nodular, with a 


few obflcure fossilB ; rather like the Caratone in appearance. 3 

StrijKKl gritty clay 4 

Band of irregular, round, brown, ferruginous nodules. Am- 
mmiftt, cf. yravfjtiformin, etc. 

Striped pale- and dark-blue gritty clay 5 

Band of large pale-brown nodules. 

Blue pvritous clay with pale sandy streaks, and flat pyritoiis 
nodules full of coarse grit. lielrmniteh lniv.Tali*\ small 
crushed ammonites ; wood perforated by boring'sbells, etc. . 5 


Section at the south-vffstem corner of Mnrden Hill 
{East Keal) Brickyard, 


Feet. 


Bed clayey soil and drift, with fragments of chalk and flint. 

about 3 

Weathered banded clay, brown, pvritous, and silty, with slightly 
ferruginous layers and sandy streaks, and a gritty seuiii at 

the base about 4 

Silty blue clay with sandy streaks and ferruginous layers 6 

FossiliferouH seam, with Brlemnitr» laternlis, small crushed 
ammonites {Olrofitephanun)^ and many small uuivulre and 
bivalve shells. 

Clav as above, rather more gritty, with coarse grit-grains in 
flat pyritouB nodules, li. lateralis and other fossils as above, 

in places 17 

ri(H)r of lumpy ferruginous stone, like ooalescent mnlules, 
slightly gritty, and full of oolitic ferruginous gmins. Many 
costs of fossils. Av\moinfe» {OU'oatephanus), cf. gravesi- 
/ormiKf etc., Trigonia, AHtarte, etc. 


The fossils of these pits are practically identical. At Hundlehy, 
though the un worked condition of the section at the time of 
my examination of it, in 1893 and again in 1895, was unfa- 
vourable for collecting fossils in place, I found fragments of 
BeUmnites lateralis scattered in all parts of the pit, unmixed with 
any other form of the genus, I found also clay -stone casts of the 
deep umbilicus of ‘ coronated ’ ammonites akin to Olcostephanus 
{Polifptychites) graveslfonnis^ Fnvl, Ammonites Iriits^ d’Orb., of 
Judd), exactly as they occur in bed D3 at Bpeeton, together with 
some smaller specimens of the same group, 0. (P»)cf. Keyserlinyi 
and of. gravesiformis (which are evidently the forms referred in 
the Geol. Sure. Mem. to A. sjtfctoncnsis), and several brachiopods 
and lamellibranchs present in the Claxhy Ironstone. 

At Marden Hill on my last visit the section was quite fresh 
in one part of the pit, and here I obtained BeUmnites lateralis in 
the day within 9 feet of the top, and at lower levels down to the 
base of the pit, but fouad no trace of any other belemnite. Small 



VoL 53 .] XH TORXBHIRB A9B ZJVCOLHSHIRB* 205 

imperfectly-preseiTed ammonites, very similar to those which 
occur abundantly in the ‘ ’ D 4 at Speeton, were rather 

plentiful at one horizon in the clay, and also in the forruj^inous stone 
at the base of the pit, the species In'inp the same as at Hundleby. 

Most of the bivalves found in the other pit also occurred here ; 
and in a silty band in the clay about halfway from the top of the 
section, alon^ with some small crushed ammonites (Olcoatephani)^ 
were numerous dwarf univalves and bivalves referable to Dentaliiim^ 
Crrithium (?), IWtnt (a Spilsby Sandstone form), Jsocardia (?), 
AstarU cf. Botecia^ etc. 

An im|)ortant feature of both sections is the lar^o admixture of 
coarse sand with th(» clay. This occurs throughout in little dabs 
and streaks, or in thin irrep:ular seams Umdinj^ to concentrate into 
shallow cakes of irregular outline, or to be caught up in the con- 
cretions of iron pyrites. lu some places this sand is so coarse ns 
to be almost ]>ehhly, and the (piartz-grains have a smooth polished 
surface, like the grains in the Spilsby Sandstone. Similar sandy clay 
associated with the Spilsby Sandstone seems to have been mot with 
in the deep boring at Skegness, 11 miles farther east.’ I have not 
found this gritty character in anything like the same degree in the 
Tealby Clay anywhere along its main outcrop under the Chalk 
escarpment. 

From the Geol. Surv. Mem. (‘East Lincolnshire,* pp. 14 and 22) 
we learn that the ferruginous stratum at the base of the JIundloby 
pit rests directly upon the Spilsby Sandstone, and that a well was 
sunk in it to a depth of 14 feet without reaching its base. The 
rock forming the floor of tho Murden Hill jut is mentioned as 
being ‘probably the same bed ns that seen at Hundleby’; bub 
itJip]»ears to me not unlikely that it may n'present one of the 
higher ncKlular bands of the Hundleby H<?ction. The clay at Mnrden 
is rather more gritty, while at Hundi(d>y there are bands of ferru- 
ginous concretions, in the clay almvo the base of the jut, which arc 
not pnment at Mardcn, and the general field-cvidcnco suggests that 
the Mardcn section is tho higher. 

In the Survey Memoir the Hundleby Ironstone is held to be the 
southern equivalent of the(Jlaxhv Ironstone, and tho overlying clay 
is rcc(»griized as forming the base of the Tcalhy (day. A list of the 
fossils of the clay is given (o;#, ci/. p 142), consisting of lit species, 
with 9 further cases in which the genus only is d(^t<»rmincd. It is 
remarked at tho foot of this list that ‘this assemblage is also’ 
(i. f. like that of tho underlying Ironstone) ‘ eminently Nco- 
comian.' BeleinniteM lateralin^ Ammouiteg sfteetnneiMiit and A, Gower-- 
lanMs;?) are the cephalopoda mentioned, and these by no means 
establish the statement, while the remaining fossils, with the ex- 
ception of one brachiopod, arc all lamcliibrunchs of doubtful value 
as determinatives in this case. 

At any rate, these sandy clays all fall within the zone of 
B. lateralis f and, as will presently be show'n, their fauna is quite 

* Geol. Surr. Mem. 18^7, * East Lincolnshire/ p. 169, ; lee also Quart. Joum. 
Geol Soc. vol zliz. (1896; p. 472. 
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4listiDet fii«am that of the main maaa of the Tealby Clay. And bIdco 
we know that the Claxby Ironatone extends to the top of this 
Jd/^ralts-aone, it follows that the clays in question cannot represent 
a higher horizon than that deposit. These clays, with their accom- 
panying bands of ironstone, occupy in fact the same position with 
regard to the Hpilsby Sandstone at the southern end of the Wolds 
as the Claxby Ironstone farther north, and are equivalent in age. 

We are thus brought face to face with an excellent example of 
that divergence of results which is bound to present itself sooner 
or later wlienever the lithological and the paleontological characters 
of a stratihed series are independently traced out over an extended 
area. 

It cannot be denied that throughout Lincolnshire the Spilsby 
Sandstone and the Tealby Clay, and to some extent also the Claxby 
Ironstone, form well-defined stratigraphical units, which must be 
taken by the field geologist as the basis for his work in mapping 
out the structure of the country. Yet the palseontological evidence 
demonstrates that the boundaries of these continuous masses of like 
material are not strictly isochronous lines, but have had a progres- 
sive development. 

It seems almost inevitable that in such cases the palaeontologist 
and the stratigrajdiist must fix each his own limits independently 
of the other. The stratigraphist cannot well make use in the field 
of a line which forsakes a strongly-defined lithological junction 
to wander vaguely amidst a mass of uniform composition, wherein 
he could scarcely follow it even were there continuous sections 
in every direction. The palaeontologist on the other hand is 
e<]ually compelled to repudiate boundaries obliquely traversing 
time-limits and life-zones which he seeks above aU things to 
define. 

If we could study the extension of the whole series in an easterly 
direction, we should probably find this lateral change of lithological 
character oven still more strongly marked. Apparently towards that 
quarter the various strata would merge into a clayey sequence 
such as we find at 8peeton, aa is indicated by the borings east of the 
Wolda. At Willoughby the full thickness of the Spilsby Sandstone 
was not proved, hut the character of the stratum seems to have 
become greatly modified, being no longer a clean grit but an 
* earthy sandstone’ and * ferruginous marlstone,’^ while in the 
Skegness boring already referred to, the Sandstone which is about 
fiO feet thick in the neighbourhood of Spilsby, has thinned away to 
19 feet, and is assooiatod with clay both above and below ; and 
the overlying clays have thickened from about 70 to 191 feet. The 
presence at various horiaons in the clay at Spoeton of thin, imper- 

' A. J. Jukes-Browne, Quart. Joum. Q«ol. 600 . vol. xlix. (1893) p. 4tl7. In this 
paper a aomewhat different reading it given of the Skegnem boring from that 
in the Geol. Surv. Mem. (* East Lincolnahire/ p. 168), and the tbickneit of the 
fipiUby Sandatone (including in tbit term tome clayey material) it stated to 
he 26 feet. At a boring near Driby, if the record it to be truttea, only 4 feet 
of tend (Spilsby Sandstone) and 4 feet of ironstone (Claxby Ironstone f) was 
found bsIwaoD the Tealby Beds and the Someridge Clay {ibid, p, lfi5). 
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Bistent feirnginons stone-bands,* probably indicates the final stages 
of this lateral change. Such changes are of course umung the 
commonplaoes of geology, and parallel examples might be adduced 
from beds of almost every age at homo and abroad. Dr. J. W. 
Gregory has recently drawn attention to a striking example of 
similar conditions in the (lault and Lowc?r Greensand of the lijuth- 
east of England, and he, too, has pleaded the necessity for the 
recognition of two independent scales, the lithological and the 
chronological, — ‘not contradictory, hut complementary, and each 
must be retaiiuKi for its special purpose.* “ 

/. The Tcalhy Clay. 

The available information regarding tlie exact age of the Tenlhy 
Clay along the major ])ariof its course is very meagre, from the lack 
of clear exjxisures, and from the perishable character of the fossils 
which are largely pyritnus. 

Most of the Hfc^tioiis have already lH*en n'ferred to, and will need 
very little further description. In the slope above the mine-build- 
ings near Acre House the clays are exposed in a water-runnel and 
at a few other places in the same vicinity, inclmliiig the slip-section 
already given (p. The fiKssils noticed hero are Helcmnitea 

jamlum in tolerable abundance, Kvoffjp'a mnuaia (the large ‘ Lower 
Greensand ’ form, wliich is common in the heds(J 4 and oat. Speeton 
and differs from the allied shell occurring in the zone of lielnnaitea 
htieralis)^ sp. and several other small bivalves in a poor 

state of preservation, and some crustacean remains {Meiferin cf. 
falHfera, Phill.). In this locality the thickness of the 'feulby Clay 
in the mine-shaft is stated at 4o fi*et.‘’ Iri (diaracter it is a rather 
pale strijKjd blue clay of fine texture, with a frw srrnill oval nodules 
of pale brown exterior and darker interit»r, which fre<juently contain 
fragments of crustaceans. This deposit, iri its close lithological 
conrespondonce with its ef|uivalcTit horizon utSjHajton, stands alouo 
among the members of the Lincolnshire succession. 

Southward from Nettletoii Hill I found no jdace, when-? the fauna 
of the clay could lie studied, nearer than the pit at lionnington 
Stiition, mentioned on a previous page. The only otlii^r fossils 
which I have found here liesides JiehwniUa jarulnm (which is 
abundant) and OlcmUpIuinuM (SimhirJt/nteJt) Ijihus., are 

Kj'Ofjyra ainuata (as above), IWUn sp., and other ill-pnfserved shells, 
Serpnhi sp., and Meperia cf. fah ifera (abundant). In the (ieol. Hurv. 
Mem., aprtUnienaxM vars. vemiahut and atneinnua^ ^ CrioceroM 
Duval a ^ and Per tut Mulleti are also recorded from this pluco. 

* Sec ' Subdivisions of the Spooton CIny/ Quart. Joum. Qcol. Soc. vol. xIt. 
(1HH9) p. and sections, figs. 4 k •*. 

‘On a Ccllection of F<i*‘sils from the Lower Greensand of Great Chart, in 
Kent; Geol. Mag. 189.^., p. m. 

* J. W. »ludd, Quart. Journ. Oeol. Soc. vol. xxvi. (1870) p. 

* The specimens under this name are very near t<j, if not identical with, ths 
form from my .S|>eeton W)lle<*tion figured by Pavlow in ‘ Argiles de Speeton/ 
pi. xviii. («.) fig. 1, as Olcantrphanua {SimhirBkifen) Pat/eri, Toula, a species 
founded on specimens from the Island of Kuhn, off tbecositof Greenland (sss 
Toula, * Oeologie Ost-Qronlands,’ p. 49B). 
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After this th«re is again a i^aoe of 8 miles in which, though the 
clay can be seen in places, no opportunity is afforded for obtaining 
fossils from it. Some old clay-pits about a mile to the eastward of 
Tetford are then reached, from the weathering slopes of which I have 
collected fragments of Behmnites jaculum in numbers, along with 
Meyerici omata, Phill., Exogyra sinuata (as before), Pecten (probably 
einctiis), homrdia angulatay Phill.,and Trochus pulcherrimus*? Pine 
selenite-cTystuls up to inch in diameter are also abundant. 
In general character the clay resembles that of Donriington and 
Acre House. The above-mentioned fossils are all Speeton B|)ecie8, 
and indicate that the horizon of this pit likewise is al)out midway in 
the * /one of jaculum,' Yet the field-evidence shows that 

the pit cafinot he far above the base of the Tealby Clay, which seems 
here to rest directly on the Sjiilsby Sandstone, the Claxby Iron- 
stone a])parently not being represented in this neighbourhood ; and 
the absence of the lower })art of the * Zone of Behmnites jaculum ' 
is thus once incue indicated. 

About \\ mile farther south-t'ast I found Belemnites jaculum 
wooshed out of the clay by a little stream running down the 
hill at South Ormsby ; but in the remaining t> miles between 
this locality and the aoutbern termination of the Wolds at Spilsby 
no further fossil evidence was forthcoming. In the outliers to the 
westward of Spilsby, jis has already been shown, the clays are of a 
different age and type. 

So far therefore us the Tealby Clay under tlic Chalk escarpment 
can bo examined, one stage only is represented, this being the middle 
and perhaps the up])er portion of the ‘ Zone of Belemnites jundum ’ 
(beds C2 or 3 to (55 or (>) of the Speeton Clay ; while the rich 
fauna of the Ammonites noricus (m/fl/<s)-bcd8, which tenants 20 t-o 
30 feet of clay in the lower part of this zone in Yorkshire, is not in 
Lincolnshire revealed in any visible sc^ction, except so fur as its 
lowermost |>ortion may be condensed in the uppermost clayey layer 
of the Claxby and Doniiington Ironstone. 

But the great expansion of these clays towards the cast, which 
is a marked feature along the outcrop,* and is still better revealed 
in well-borings east of the Wolds at Alford, Willoughby, and 
Skegness, indicates that, as already hinted, the deposit almost 
certainly encroaches on both lower and higher zones in its prolong- 
ation in that direction, and gradually replaces, in part or w’holly, the 
Spilsby Sandstone, the Claxby Ironstone, and the Tealby Limestone. 
Its greater thickness is therefore probably due, not so much to the 
thickening of the individual beds exposed at the outcrop, as to 
the incoming of higher and lower argillaceous deposits slightly 
different in lithological character and almost entirely different in 
fauna. 

Under these conditions we may safely surmise that eastward, 
under the bed of the North Sea, the w’hole series merges into the 

' A Strahan, Quart. Joum. Grol. Soc. vol, xlii. (1886) p. 488, and Geol Surr. 
lleoL 18^} * Country around Lincoln/ p. 96, 
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clayey sequence whose fringe is so coiiTeniently revealed to us in the 
coast-sectioD at Speeton. Westward and southward, on the other 
hand, it is very probable that the clays diminish, until the sands of 
the underlying and overly iug horizons unite and become indistin- 
guishable/ 

ff. The Tcalby Limestone (with the Upper Clay and 
‘ Roach '). 

I have not devoted so much time in the field to the strata 
overlying the Tealby C’luy as t-o those below that horizon, mainly 
because while their general oorndation ivS readily arrived at, a more 
detaihxl comparison is rendered dittiriih by the still ineomplote state 
of our information regarding the upper division of the Speeton Clay. 
Suffieiont has been done, however, to demonstrat e the relationship of 
theea* rcK^ks to the rest of the section, and to improve our knowledge 
of their paheontology. 

The hard ealcareous hands with variable clay partings capping 
the Teiili»y Clay, known us the * (ireystono * or ‘Toalby hiinestono,* 
form a prominent feature in the strutigrajihy la‘tween Caist/or and 
Doiinington, hut are not definitely resign izahle furtlier noithward 
or 8(»uthwttrd, nor have any continuous hard beds been revealed 
at this horizon by the b(»ring8 east of the Wolds. These facts, 
together with the thin and irregular character of the courses and 
the ext<’iit to which they are interbedded with, and in places 
overlain by, slmly or clayey innteriul, suggest that the limestone is 
merely a locally calcareous modification of the up]K*r portion of the 
Tealby Clay. It is therefore rather surprising to find how greatly 
the fauna differs from the known fauna of the Tealby C’lay. 

The limestone is best exposed in the numerous shallow pits be- 
tween Normanhy and North Willingham.'' Fossils are everywhere 
present, hut are not easy to extract ; and t here seems to ho some 
difference in the species occurring in the different seetions. The 
belemnit<^8 again supply the most definite information. They are 
frequently abun(hint, esjiecially in the shuly portings, and are 
all recognizable us wcll-kiiow'n Speeton forms occurring in the *Zon6 
of liflemniUg hrututvicejisig^ (B), namely, li. hrunaincensia, Stromb., 
i?. ijjutonennSf Pavl., and B, Jas-lkowi^ Lahus. No other 8]M^cies 
have been found, and the record of B. lateralis from this horizon 
by Prof. Judd and the Geological Survey was evidently due to the 
confusion in the determination mentioned on a previous page. 

Ammonites are rarer, the only serviceable specimens that I have 
myself discovered being found in the higher pit on the north side of 
the high road, east of North Williiigbam. These belong to tho large 

^ For the ditcuMion of this point see A. Strahan, * On the Lincolnshire Car* 
stone/ Quart Joiirn. Oeol. 80 c. toI. zlii. (188l>; p. 401. 

^ In this locality tlie lituesUine'bands oocasionally enfold pbotpbatio and 
pyrilous concretions, just as the large liiiievtune-nodules of the * Compound- 
ifodule Band/ Bl, of Speeton enclose similar earUer concretions. 
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olypeiform species usually recorded as Ammonites dypdformis^ 
d’Orb,,’ examples of which under this name are preserved in most of 
our public collections of Lincolnshire fossils ; but I do not think that 
this determination can be sustained. It is only in its adult stages 
that the ammonite assumes its sharply-keeled discoidal form and 
smooth sides, since the inner whorls present a rounded back and a 
few continuous ribs, the fossil at this stage being very near to, if 
not identical with, Ammonites Carteroni^ d'Orb. It is possible that 
the young forms of this ammonite may occur at Speeton, but I have 
not seen an adult specimen there. 

Among the other and more abundant fossils are Pecten (several 
species), E.vo<fyra sinuata (the Tealby Clay form), Osirea frons. 
Park, (plentiful here, but very rare at Speeton), fAma, Pholadomya^ 
and many other lamellibranchs, with some brachiopods, etc. Several 
of the above occur at the equivalent horizon at Speeton, but their 
relative abundance in the two areas is very different. 

Peeten cinclus is often very plentiful and of large dimensions, ’ 
but I think that it displays characters of varietal, or even of specific 
value, differentiating it from the similar fossil of the Claxby 
Ironstone and Spilsby Sandstone. In the last-mentioned stratum 
the dwarfed representatives of the species can scarcely be distin- 
guished from P. lamellosns^ Sow., of the Porilandian, and when tho" 
fossil is studied throughout its extended range it will probably 
furnish the ])alaDontologist with another illustration of a slowly- 
changing species, with all the usual difficulties, to which 1 suppose 
that he will in time become accustomed, lender present conditions 
the species is, as I pointed out in my former paj)er, of very little value 
as a zonal fossil. 

The evidence of the fauna, then, suffices to enable us to recognize 
in the Tealby Limestone, as develoj)ed in the above-mentioned area, 
some portion of the ‘ Zone of Ikh brumvirensis ' (B) the Speeton 
section ; and the presence in Yorkshire in the clays of this horizon 
of a considerable amount of calcareous matter, which takes the form 
of hands of thickly-set septarian nodules of large size (‘ Cement 
Beds’ of Judd), indicates that the deposition of more or less 
calcareous sediment was common to both. districts at this stage. 

The evidence is insufficient to demonstrate exactly how much of 
this extensive zone is represented by the Tealby Limestone, but it 
seems probable that if we could have complete sections we should 
find Belemnites brnnsrieensis extending slightly l>elow the base of 
the limestone in most localities, and also stretching upward at 
least as far as the lowest part of the Carstone. 

llegarding the ‘ lioach Ironstone and Clay’ which underlie the 
Carstone farther south, and are by the Geological Survey considered 
to be the southerly equivalents of the Tealby Limestone, I have no 
new information whatever to bring forward. Such scanty exposures 
of these deposits as I could find were uufossiliferous, and therefore 
practically useless for my purpose. 

' J. W. Judd. Quart. Joum. Gool. Soc. vol. xxir. (1868) p. 246 ; lift repro- 
duced in Geol. Surv. Mem. 1888, * Country around Liuooln, p. 1U3. 
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A. The Carstone. 

The lithological characters and stratigraphical relations of the 
pebbly ferruginous sand which in lincolnshire overlies the deposits 
above described, and extends upward to the Red Chalk, have been 
carefully forth in the Survey Memoirs * and in Mr. A. Strahan’s 
excellent paj)cr on the subject in this Journal.'' Except in the layer 
immediately below tht‘ lied C/hnlk, where BeletnnUes minimus and 
Terehratula hiplicaUt are found, fossils are of very rare occurrence 
in it. Such as have been discoven'd are contained in eroded 
pbosphatic nodules, and are su]>posed to have boon derived from 
lower strata which have been destroyed. 

The species rect>rded ‘ aro : Ammonites speetonemis'i \ A, pHcom^ 
and Lucioa ? from a nodule-bed at its base near Otby ; and 
A, Ueshttpesii^ A. tnpli'A\ lutptienift Astarte^ Corhnla^ Modiola^ 
Myacitt's^ l^holadomyUf Cppnna^ and Teredo^ from (Maxhy. 

^Sot having myself sucmnled in finding any of these fossils in tho 
deposit, 1 have been unable to investigate their mode of oceurrenco 
and the character of the supposed ‘ |>ehhles * w'ith which they are 
associated, and therefore am not in a position to disemss their 
origin. Hut from the nature of the list and the general features of 
the nodules in the stratum, I am inclined to c^msidc^r their deri vat ivo 
nature ii<»t jiroveii. At any rate. Ammonites /^eshnifesH is not far 
from its proper horizon, and, as already stated (p. I Its I uni satisfied 
that where this species occurs in the ('arstone at ilunstanton it is 
not derivative, hut in place. The ot her ammonites mentioned, being 
all uncertain spec ies, are of slight account in thc' disciisHiori, while 
the remaining determinations of the list are Uk> incomplete to afford 
any information. 

As regards the stratigraphical relations of the deposit, I can cor- 
roborate Mr. Strahaii s account of its ujiward piissage into the lied 
Chalk, and the presence of BelemnUes minimus in it just below the 
junction. In the southern imrt of its outcrop the Carstone has a 
thickness of about 40 fei't, hut northward it thins away, until in tho 
last sections seen before reaching the Uumb(!r it remains only as a 
pebbly base to the Red Chalk. Roth phenomena are (txtu Uy repro- 
duced, as shown in an earlier part of this pajHjr, by tho ferruginous 
sands expo.sed in a few places along the western edge of the Yorkshire 
Wolds, which are no doubt the northern equivalents of tho Carstone. 
And as it bus been also shown that these Yorkshire sands can bo 
correlated w'ith much probability with the ‘ i^assage-inarls with 
JkUmniiea minimus (A) of Speciton and Knapton (which, it may 
be noted, contain at the first-mentioned place ‘ lydites * and other 
small gritty particles), it foUowrs that the same correlation must be 

' ‘ Country around Lincoln/ pp. 10.5 rf , * Efurt. Lincolnshire,* pp. 2S 
ct stqq. 

* ‘ On the Lincolnshire Carstone/ Quart. Joum. Geol. Soc. vol. xUi. (1886) 
p. 486. 

* Ihii. p. 488 ; the Claxby list was supplied to Mr. Strahan by Mr. H. 
Keeping. 
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applied to the Lincolnshire Carstone. Bat if HoplUet Dethaye^ii be 
in place in Lincolnshire as in Norfolk, it would appear that where 
the Carstone is fully develo))ed its lower portion must lie within 
the ‘Zone of BeUmniteit hrunsvicengin,* in which event the interval 
between it and the Tealby Limestone cannot be great. 

Indeed under any circumstances, if I am right in thinking that 
no break exists at- Speeton between the ‘ Passage-marls ’ and the 
clays containing /?. Uoplites Deghayesii^ and Amaltheufi 

hicurifafiigy any unconformability which may exist at the base of 
the Carstone, as supposed by Mr. Strahan, must possess a relatively 
small time- valuer where that deposit overlies the Tealby Limestone 
S<*ri(‘H, since on comjmrison of this part of the Lincolnshire sequence 
with that of Sj)ceton there is seen to be little or nothing lacking. 

At the u]q)cr boundary of the deposit it is vcr\' probable that 
there may he in some d(*gree a lateral as well as a v(‘rtical passage 
into the Bed Chalk. That the accumulation of sand in the shtid- 
lower or more exposed areas probably continued for some little time 
after the deposition of the chalky sediment had commenced in 
adjacent regions is, I think, dir(‘Ctly suggested by the evidence 
made known to us by Mr. W. Hill in his careful study of the lower 
beds of ibe Upper Cretaceous rocks.’ With the Bed Chalk com- 
menced that jK^riod of slow depression, wdiich in its later stages 
brought hack once more an uniformity of conditions over the 
eastern part of Kngland wliich had not exist(!d since Kimeridgian 
times. Tliis depression swept away the more local inflii(*nees w'hich 
had hitherto prevailed in South Yorkshire and North Lincolnshire, 
wher(‘ a belt of country bad been slowly brought up within reach 
of the d(‘nuding agencies and gradually ]>lancd down. South and 
cast of the elevated urea, oven where the marine conditions w’cre 
continuous, tli<‘ jiroximity of land and the gradual change in its 
outline affected from time to time the factors which govern the 
accumulation of sediments, so that in Mid-Lincolnshire the 
deposits of this period are marked by their local and changeful 
characters. 


V. StaTF.MEKT op the C0RRKL.VTION. 

The result of this investigation is to show that in Lincolnshire, 
as in Yorkshire, the various species of b<‘l('mnitcs pre.sent in the 
rocks afford the most natural and convenient means for classifying 
the strata ; but that the well-defined zont's which they form do not 
always coincide with the lithological divisions. 

Of those zones, that of BfJaniiites lateralis appears to be quite as 
fully represented in Lincolnshire as at Speeton. The ‘Zone of 
Belemnites Janihnny which occupies so large a proportion of the 
Speeton Clay, is in most of the Lincolnshire sections condensed into 
narrow limits, and may be in part unrepresented. 

The ‘ Zone of Belemnites hnnisincensis * is well exhibited, but from 
the unfossiliferous character of some of the sediments and the lack of 

* Quart. Journ. Geol. Soc. vol. xliv, (1888) p. 320. 
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■clear sections, only the broader features of its relationship can bo 
demonstrated. 

In both areas the uppermost beds of the series pass upward into 
th#' Red Chalk. 

The correlation of the typical sections of each district is illustrated 
in the diagram facing the opposite page. 


VI. Thk a ok of thk Bklf.mxttks latksaus Reds. 

The definite pur])nse of my ]»aper was to bring out anew, and to 
place on a more satisfactory basis, the relationship of the strata 
un<lerlying the Chalk in Yorkshire and Lincolnshire, and 1 venture 
to hope that in the preceding: pages this has been accomplished. As 
for tlu‘ broader issues to which this work gives rise, I think they 
may for thi* most part await W'ith advantage the accumulation of 
fuli<‘r and more aeeurnte informatiem on many points. In Kngland 
tlu re is still much to he done, both in the study of the paleonto- 
logical material already collected, and in the re-examination, in tho 
light of the new evideiice, of the region lying to tho southward of 
that herein disenssed. In the Kastern Midlands at least some 
])ortion of the fauna of the* Speeton Seri(*s (imduding Jfelnnnites 
(Ifttrralin) is preserved in some of the [>h(>sphatic- 

iu»duh‘ IkhIh. hut whether in an original or derivative' form is still 
nneeTtain. In se veral regions ahre)ad alse», and e'sjM'e'ially in (itTmany, 
the information whicli we possess re*garding the* e’orre'sponding stTuta 
is at pre^e-nt conflicting unel insuffieie'nt, and w’ill undouhtedly be 
C(»nsifh‘rahly ufhrl<*d liy rese‘are*.he*s w'hie*h are' now in prf)grtms. I 
had indeed hoped that niy este‘erne*d frie nd Prof. Pavlow' w'emld have 
been able to lay hefore the* Society on this oee-asion a rhnntr of tho 
available facts respecting the* Cenitiriental eMjuivnle'nts of the seTies. 
Rut Prof. Puvlow has at the last moment, from physical iridis- 
yiosition, found it impossible to complete his TU»t(*H in time. We 
may br<j»e*, howe*veT, that be^ will sbortly be. able to bring forward 
his valuable eoritributie»n on tho snbje*et.‘ Meanwhile I think that 
a brief re*cai)itulation e»f the work alre*ady ]>ublishe*d, bearing e»n the 
disjiutenl ejuesliejn of the age of the Zoneed lidtinnHes lateraligj will 
form a fitting conelu.sion to this paper. 

Leekerihy seems to have be*e*n the first definitedy to formulate 
the view that the lowest part of the Speeton Clay should ho classod 
as Jumssie, basing hi.s opinion mainly on Ujc occurrence* ihe.'rcin of 
coronated ammeinites of the (/ravrin(iniis-ty\tv.'^ 'riiese* ammonitos 
were afterwards su[)posed by Prof. Judd to have; bwm oV)tairiod 
from be*ds e api'ing the Ufeper Kinieridge shale, but below tho clays 
with Btlemniieg laftiraluf.^ In my former paper, however, I was 

* [Wbil#* this paf>er was pawing through tho pre^iea, tin* eornmunication 
of Prof. Pavlow abf)ve referrod to, ‘ On tho Clmetfine^ition of thej Htrata between 
the Kimeridgian and Aptian/ was read, and its publication may be looked for 
in a Bubscqu<*nt number of the Journal. April 2*Jnd, 

* See note by J. Ijeckenby in Dr. T. Wright's Monogr. 'Brit. Crot. Echiaod.,’ 
Pal. 80c, vol. x\i. pi. i. p. 9. 

® ‘On the Speeton Clay/ Quart. Joum. Geol. Soc. vol. xxiv. (I8i»8) p. 2tS, 
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able to prove that the true horizon of these fossils was the upper part 
of the Zone of BeJemnites lateralis. Hence, if these ammonites were 
sufUcient to demonstrate the Portlandian age of the rocks containing 
them, the line between Jurassic and Cretaceous in the Speeton 
section must, I urged, be drawn at the top of this zone, as Leckenby 
proposed, and not at its base, as Prof. Judd had suggested. 

Meanwhile the subject had been attacked from an entirely dif- 
ferent standpoint by the Kussian geologists M. Serge Nikitin (of 
the Russian Geological Survey) and Prof. A. Pavlow (Moscow 
University), who had attended tiie meeting of the International Geo- 
logical Congress in London in 1888, and had taken the op])ortunity 
then afforded of studying the Speeton section and its fauna ujx)n 
the 8 ])ot. These gentlemen soon afterwards published independent 
readings of the section and its correlation,* differing in some im- 
portant points, but agreeing in recognizing in the Zone of Beletnnites 
lateralis the equivalent of the ‘ Upper Volga Reds ’ of Central 
Russia and the Purbeck of the South of England. Nikitin however 
considered that the ammonites afforded no evidence of the Jurassic 
age of the beds, since they had been incorrectly determined, and 
belonged in reality to species recognized as Neocomian in Germany.* 
He was thereby confirmed in his previous! y-exj>reKsed opinion that 
the Upper and Lower Volga Beds of Russia (and presumably also 
their English equivalents) should be ngarded neither us Jurassic 
nor Cretaceous, but strictly as passage-beds betw(^en these systems. 
Pavlow, on the other hand, thought that a stricter definition was 
possible, especially as he regarded the Zone of Bch muhes lateralis as 
equivalent not only to tbe Purbeck, but also to the Portland Stone 
of the South of England. 

In a later memoir ’ (to which I had the honour of contributing a 
chapt/cr respecting the stratigraphy of the deposits in the North 
of England) Prof. Pavlow, continuing to work on the same 
general lines, extends his study of the subject to embrace the whole 
of the North European area, and shows that the cephalojx)da of 
these rocks confirm in most points his former conclusions. He finds 
a certain amount of ditierence between the fauna of the upper and 
the lowxT portions of the Zone of Biiemnitts lateralis, which enables 
him to divide it into two parts characterized by different types 
of ammonites (in the same manner as the Zone of B. jaculum is 

* 8. Nikitin, * Quelques Excursions dans les Musics ct dans les Terrains 
M^sosoiques de 1* Europe occideiitale,' Rull. 80c. Beige de (il^ologie, vul. iii. 
Mem. pp. (18811) ; A. Pavlow, ‘Etudes sur le Jiiras^quo superieur et 

le Cr^lao^ iuferiour,' Bull. Sue. Imp. Naturalistes de Moscou,’ n. s. vol. iii. 
(188m p. 01. 

^ The German evidence becomes here of extreme importance, and I am very 
glad to learn that the whole question is now being can‘fully re-studied in that 
country. ] f the German equivalent of the zone of BeUmnites lateralis has been 
considered Neocomian only on the strength of the old Speeton correlation, no 
argument could be safely deduced from this quarter. But from its geographical 
position tbe succession in Germany will probably eventually be found comparable 
with several surrounding areas, and thus the finking together of the outlying 
regions will be more securely done than is at present possible. 

^ ' Argilss de Speeton,* Moscow, 18^1-1892. 
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divided), the lower beinj? tenanted by Olcastephanif^ (CraspniUet) 
gtifniitus and allies, and the u])per by 0, {Pohipttfchites) [^ravesiformis 
and allies. These toj?ether form the ‘st'rio Speotono-russo * (p. 174), 
which he shows to Ih' eijuivalent to the Upper Portlandian (Purl>eck 
and Portland Stone) of the Soutli of England, and ho proposed to 
desipiatc these rocks the ‘ sous-etnge Aquilonien ’ (p. 102). He 
thru discusses exhaustively the correlation of this * Aquilonian sub- 
Btajre’ throu^lnnit Kuro]>e, and shows that everywhere in Southern 
as well as in Northern Kuroj»e the equivalents of this sub-stage 
underlie the ‘ tUage Neoccmiieii inferieur,’ which upon various con- 
giderations is declared the true hast' of the T^wer Oretaceous system. 
He further urges in favour of this grouping that it agrt>08 best wdth 
the older detinitions and traditions of the science, and concludos his 
argument thus : — ‘ Si muis repla(;ons rancieniu' limite outre lea 
deux systenies nous nous privons d’une liinitt' Ires lu'tte, ])aleonto- 
logi(|uem(‘nt trrs hicn dtdinit'. et tpii, grace a la transgression 
remarqualde do la faune intTidionale vers Ic Xord, pout-tUre 
ohscrvi'a* dans unc vaste n'*gion, circonKtaiice cpii nous fait- considcrer 
cctte limit e coininc livs iK urcuseuient choisi(‘ par les coryphees de 
la science et comim* tn's jiriTieuse au point de vm* de la strati- 
graphic comparee. (’<'tt<‘ limit e a <*te trace(‘ ])ar la nature meme 
<a>rnriie une limit e ayant fixe* l\'‘po(jue d'uri evenernent geologique 
rem:ir(|uuhle, savoir la dis]>urition d’une partie considerahle du con- 
tinent portlandien et le commencfinenl de la migration d<‘ la faune 
im'ridionale vers le Nord, et reciproquement pcut-elre/ (‘ Argilos 
(le Speeton,’ scp. cop. ]». llMh) 

But to (^stahlisll this classitication it la'canu' necessary to carry 
down itifo th(‘ .furassic systi'in not only t he whole of the Berriasion 
4 »f S<Mit h-eastern France, hut also the so-callod INhadden and the 
llils Conglomerate of North-westcan (icrmany, and in doing this 
I’avlow is at variance* with the ofiinions of sov»*ral g^'otogists of the 
Contin(*nt, so that the suhj(!e.t must h(^ considi^nd as still under 
discussion. Indeed, in a lat<?r paper, M)n tln^ Mesozoic Rocks of 
the pnivince c»f liiasan, Russia’ (Moscow, if 1 rightly 

understand the brief final rrtsnmr in French, Prof. Pavlow 8 <^em 8 
inclined to grant that reeent discoveries have shown that the 
• Petchorian sub-stage,’ capjiing the * Aquilonian,’ with ( ilcnntrphanvs 
jtli'nontithahut in th(i lower ])art and PohfpturhUtx in the 

up[>€‘r portion, may in that region corresjMind to the Lower St^ommian 
of Central Euroj>e. In his forthcoming notes on tlio subject Prof. 
Pavlow will no doubt discuss this new evidence, and show its exact 
bearing on the question at issue. 

So far as the classification of the English strata is concerned, it 
must, 1 think, ho admitted that the limit of the l/jwcr Cretaceous 
and Jurassic systems is more or less arbitrary' and conventional, 
often without reality in the field, and is therefore to he treated on 
a basis of general convenience and historical priority.* And this 

* Bcient. Mem. (Utcheniva ZapUki) Imp. Univers. M^hmsow, toI. xi. p. 1. 

• See H. B. Woodward, Geol. Surv. Mem. * Jurasiic Rocks of Britain/ vol, t. 

p.8. 
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state of affairs prerails, as the above discussion has indicated, not 
in England only, but throughout the greater part of Europe^ 
and alro in North America. Under such conditions there must 
necessarily be much discussion and interchange of views before 
a boundary of general application can be agreed upon. Nor is this 
at all attainable except by some sacrifice in matters of local con- 
venience. 

Thus, in the North of England there is no doubt that in spite of 
the early-recognized and oft-discussed Jurassic affinities of the 
Spilsby Sandstone fauna,* the field-geologist working independently 
in that district would find the base of that deposit to afford by far the 
most suitable line of demarcation between the systems. It is a 
strongly-defined horizon, marking the termination of a period of 
quiet and uniform sedimentation over the whole region, while above 
it, owing to more local and less stable conditions, the character of 
the accumulation frequently alters horizontally as well as vertically, 
thereby rendering the tracing-out of a synchronal line a matter of 
extreme difficulty. Yet it seems inevitable that, in spite of its con- 
venience, this line will have to be abandoned whenever the wider 
bearings of the stratigraphy of the region are in question, unless 
wo are prepared to advocate extensive alterations in other areas to 
suit it. If, on the other hand, we take the upper boundary of the 
lateralia-zone as our line of division, we find that though in York- 
shire, as Leckenby pointed out, this horizon is lithologically well 
defined, in Lincolnshire, as already shown, in the southern part of 
its course it- is purely palaeontological and scarcely traceable on the 
ground. 

The division of the Zone of BcUmnites lateralis into two j)ortions 
by means of the ammonites, as proposed by Pavlow, suggests the 
possibility of an alternative course, by which the lower part with 
Ammonites sahdii ns, corresponding to the major j>ortion of the Spilsby 
Sandstone and presumably to Beds D 5 to D 8 of S]>eeton, might 
be separated from the rest of the zone, in which occur the ‘ (jravesi- 
form ^ ammonites, and the one classed as Jurassic and the other as 
Cretaceous. [This scheme is powerfully advocated by Prof. Pavlow 
in his recent contribution to the Society.] But w'hile this plan 
would possibly satisfy some of the objections which have been raised 
to the inclusion of the whole zone in the Jurassic, it appears to 
me that the life-forms other than the cephalopoda common to the 
two parts of the zone will, when fully W’orked out, be found so 
numerous that a line drawn at this horizon would in England be 
both paleontologically and stratigraphically weak, without serving 
the general European convenience better than before. 

* Prof. H. G. Seeley, in the discussion on J. F. Blake’s * Portland Rocks of 
Bnff^d,’ Quart. Journ. Geol. Soc. vol. xxxri. (1880) p. 230, and in several 
earlier discussions on similar subjects. 

Mr. G. Sharman, in Geol. Surv. Mem. 1887, ‘East Lincolnshire,’ p. 141„ 
in di80Ui.‘5iiig the fossils, remarks: — ‘It is tolerably evident, therefore, that 
these calcareous concretions (of the Spilsby Sandstone) occupy a lower horixon 
any Neooomian beds hitherto desonb^, and, in so far as paheontological 
evidence goes, seem to occupy an intermediate position between the lowest 
Neooomian and the uppermost Oolites.’ 
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HoweTer, where so mach uncertainty still exists, it appears to 
me that, pending the accumulation of further evidence, we shall 
scarcely be justified in pronouncing on one side or the other a final 
decision in this matter. Even with regard to the rooks of this age in 
the South of England, on the classification of which the whole of this 
discussion hinges, there is still much obscurity. It seems now to be 
very generuUy acknowledged that there is a passage from Purbeok to 
Wealden where both are fully developed ‘ ; and recently even the 
strength of the evidence on which the Wealden itself is classed as 
Cretaceous has been challenged, and the chief elements of its fauna 
declared by several authorities to be Jurassic rather than Cretaceous 
in their affinities." 

It appears, in short, to be the fact that while over Western Europe 
there is usually a distinct stratigraphical break at the base of the 
Upper Cretaceous, ;is Mr. Strahaii and others have frequently 
j>ointeil out,' the base of the Lower Cretaceous, as at present 
recognized, whether the sequence hv freshwater or marin«*, presents 
no such break, hut a more or less gradual passage both in oharaoter 
of deposit and in fauna. Under such conditions it is mainly a 
question of general convenience what particular horizon shall be 
taken us the iKUindary of the systems, and the osHeniial dotermi- 
iiative must rest in the agreement of com tout opinion. 


VI 1. CoNCLUDiNu Summary. 

The leading conclusions of this pa|>or may be epitomized as 
follows ; — 

I . Furtherwork on the Spec ton section, while extending our know- 
ledge of the pulu'ontologicul details, has fully sustained the^ 
results of the author’s previous investigations. 

2. The evidence at present avuiluhlo is insufficient to demonstrate 
the exact conditious which bring about the rapid attenuation 
and final disaj»pearance of the SpecUm Series in a westerly 
direction in Yorkshire. Contrai*}’ to tho accepted view, how- 
ever, the lower zones are probably the? first to die out, and 
are overstepped or overlapped westward by tho higher divisions, 
since at Kiiapton, 14 miles inland, only the ui)i)er zones of 
the coast- sect ion can be proved to occur, os shown by tho 
presence of the marls with Belenniiles j)aHKing upward 

into the lied Chalk, and by the fossils in tho old collections, 
including llopliUx IMiatjetniy under the name of Ammonites 
hnajttoruiisis, Lean MS., and a few others of the same zone. 

^ See H. B. Woodward in Mrm. 0(y>l. Burv. * Jurusaic Bockii of Britain,* 
Tol. T. pp. and *J4li ft ttefiff. (with gr>od bibliograptiy). 

O. C. Marsh, Geol. Mag. IBUb, p. 8 ; (also in ‘ Nature,' rol. liii. (1896), 
]). 4*%, as regards the rc|>tiles; A. B. Wofxlward, Geol. Mag. 1896, p. 70, as 
regards the iiriies; and A. C. Seward, in 'Mature,' vol. liii. (189tj) p. 462, aa 
regards the plants]. 

* Bee, among others, A. Strahan's recent paper * On OrerthruiiU of Tertiary 
date in Dorset,' Quart. Joum. Geol Soc. vol. li. (1895) p. 661. 
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3 The ferruginous sands which occur locally beneath the Ked Chalk 
on the western edge of the Yorkshire Wolds axe recognized as 
agreeing in all respects with the Lincolnshire Carstone, Md 
where absent are to some extent represented by a pebbly ba^ 
to the Hed Chalk, as in Lincolnshire. In both counties Mr. A. 
Strahan’s conclusions as to the relations of the Carstone to the 
R(*d Chalk are confirmed. 

4. In Mid-Lincolnshire all the palmontological zones of the fspeeron 
Beries are identified and traced : and though their lithological 
aspect is greatly modified, and is accompanied by a corre- 
Hponding modification of their fauna, the presence of the 
leading zonal types of the ce])halopoda readily establishes the 
general corrcl.'ition proposed by Prof. Pavlow and the author, 
which differs in many respects from that adopU^d by previous 
investigators. 

i5. In Lincolnshire, in at least one instance, the synchronal boundary, 
as indicated by the limits of a paljeontological zone, is shown 
not to pursue the same stratigraphical horizon throuirhout its 
course, proving that sediments of different character were accu- 
mulated simultaneously in comparative proximity to each other. 
The inherent divergence betAVoon the stratigraphical and pala- 
ontologieal methods in geology is thus once more illustrated. 

6. The derivative character of the band of phosphatic nodules at 

the base of the Bj)ilsby Sandstone is stated to be very doubtful ; 
and t he fossils of these so-calb^d ‘]M‘bbles/ as of the corresponding 
horiz(»n at Speeton, arc considered as probably repr(‘senting an 
original fauna, poorly preserv(*d in noduh'S formed during a 
teinporarv pause in the sedimentation. 

7. It is shown that the ‘Zone of Belnnnifes lateralis^ bridges 

over the space between undoubtedly Jurassic and undoubtedly 
Lower Crelsceous strata; but if the accept (‘d classification of 
other areas is to be uj)held, it np])ears to be necessary that the 
division between the systems should be ]>tnced high enough to 
include this zone, or at least the greater part of it, in the 
Jurassic, in sjjite of the local inconvenience of this arrangement. 


Discussion. 

The pRT’siDKNT said that it was hardly possible, when mapping in 
the field, to do more than follow those petrological changes in the 
character of beds over any given area which are patent to the 
observer. The point discussed by the Author is that the life-line 
does not follow the line of the same sedimentation, but life-forms 
may transgress, and do transgress, over sediments of different cha- 
racter w’hen they happen to be accumulated at the same time. It 
is hop(d, however, that the case propounded by the Author is 
exoey»tional, and that, as a rule, the sediments and the fossils 
follow one another ou the same lines. 

Prof. Jui>D congratulated the Society upon the valuable details 
now communicated by the .iuthor, and on the important work on 
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the fossils which had boon done by him and Prof. Pavlow. He 
thought that the admissions of the Author, howevor, pointed 
to the desirability of the use of aminonite-Konos in preforenoo 
to those based on belemnites. He also demurred to the cxcossivo 
importance attached to minute ])oints of palaeontological evidence 
when seeming to be in contUct with the stratigraphical evidence. 

Mr. Strahan was prejaired to find the paheontologieal and strati- 
graphical grouping of these rocks slightly at variance. He had 
j)ointed out some years ago that the Spilsby Sandstone became finer 
in grain and was partly replaced by clay eastwards. Northwards, 
towards SjK»eton, the same change took ]»lai’e, and no doubt the 
Author was corn^ct in attributing a portion of the clay at Hundleby 
to that subdivision — on paheont ological grounds. At the same time, 
it was inexpedi(*nt to draw any (►ther line o!i the map than that 
which had been taken. The separat ion of .lunissic from Neocomian 
in Linc(dnshire was bas<‘d on strut igraphi(‘al (considerations, A 
glance at the map showed that th<‘ Neocomian group followed the 
Upj>er CretaC('ous through mu(;h of its range across hi 11 coin shire and 
Yorkshire ; and tlujugh th(‘ great overlap hK>k ]dac(‘ at the base of the 
l’pp(T (Vetae(‘ous, y(‘t there was als(» an um’onftu rnitv at the base of 
the Neo(‘omian. So far us tlu' North-east of Kngland WJU* con- 
ecrn(*d, i»o other division betwciui Jurassic and .\(‘(K‘omian than that 
adopted by the (Jeological Surv(*y was possible ; had a local name 
lK*en used it» preference to the importecl h rm ‘ Neot'omian,’ much 
confusion would have h(*en avoided. 

He had always regunhsl the nodule-beci in tin* Spilsby Sandstone 
as a true conglomerate — a natural accompanitnent of the uncon- 
birmity referred to. The nodules are clustered in a thin band 
at the base of the rock ; they differ in Mioir inimT.ili/.ation from the 
indigenous fauna ; the recognizable birriis resembh' Kimeridgc Clay 
as much as they do Neocomian forms ; the noduh‘H show every 
degree of w<Mr and tear, and an* rounded as tlioiigh by rolling, and 
not i)itUHl us they would he by corrosion, nor have they attacln^ to 
them any of the original shell, nor any adh(?rent organisms. Ho did 
not argue that they had b(*on derivi^d from beds now und(?rlying tho 
Spilsby Sandstone, but from strata that had bo«‘n wasln^d away. 
The same arguments were applicable t^» the nodules in the? C/arstono, 
which could he readily di.stinguish(?d into indigenous and derived. 

He thought it a matter for congratulation that they had bad laid 
before them another of the Author’s valuable contriluitions on this 
interesting group of rocks, and trusted that Mr. Laiuplugh would 
eventually extend his observations to the Soutli Ooast. 

Mr. H. B. WoonwARD remarked that, while in Dorset there was a 
passage from Kimeridgc Clay into Portland B(*ds, in Lincolnshire 
the Sjulsby Sandstone near Spilsby resU?d on CpjxT Kimoridge Clay 
and north of Caistor it rested on l^owcsr KimcTidge Clay, so that 
there was a break between the nodule- bed and und(;rlyiiig clays. 
He said that it should be lK)me in mind that a similar nodule-b^, 
also containing derived Portlandian fossils, occurred at tho base of 
the Woburn Sands at Brickbill, there resting on the Oxford Clay. 



220 6PEET01I BEBIS 8 IK rOBKBHIBE AKB LXKC0LK8HIRB. [MbJ 1896 , 

Mr. £. 8 . Herbies congratulated Mr. Lamplugh on his paper 
and said that from his knowledge of the Author's excellent work at 
Speeton he felt every coufideuce in the correctness of his inter- 
pretation of the Lincolnshire sections. He was especially interested 
in that part of the pajier which dealt with the boundary between 
the Neocomian and Jurassic, as in this ho saw^ the elements of a 
reconciliation botwoen the diverse views of Prof. Judd and the 
Author. He wished to say how much assistance be had derived 
from Prof. Judd's paper wliile working on the S|)ceton section. 

Mr. G. C. Crick desired to bear testimony to the value of the 
pajKjr. 80 far as the beds in question were concerned, he agreed 
with the Author in using the bolemnitos to characterize the various 
zones. He mentioned that much of the confusion which had arisen 
with respect to the determination of some ammonites, such as 
Ammonites hijdea\ was due to the unsatisfactory conditions of the 
tyjKJs, some of these having been obtained from the Drift. 

Mr. W. H. Hudleston also spoke. 

The Author was glad to loam that Prof. Judd was inclined 
in the main t,o accept his results. As for the belcmnites, their 
jieculiar value as zonal fossils in the area described was, not only 
that they were abundant, but that owing to the intervention of the 
southern forms of the -group between the laieralu- and the 

hra'nsvii'Min 8 is-gxo\x^& of the northern e^x'planati, the boundaries were 
ver}’ definite and easy to trace. He was quite ready to grant to 
Mr. Strahan and Mr. Woodward that an unconformity might exist at 
the base of the Sjhlsby Sandstone, and even tliat true ]>ebble8 might 
exist at this horizon, though he had himself failed ( o find any. His 
contention was, however, that the phosphatized cast s of fossils were 
uot derivative as had been supposed, but represented a fauna proper 
to the horizon and to some extent distinct from that of the overlying 
l^rtion of the Sandstone. The condition of the casts appeared to be 
similar to that of t he nodules dredged up by the Challemjer ex- 
pedition. He allowed that such nodules might form pebbles upon 
the destruction of their original matrix, but held that this explana- 
tion should bo adopted only when the evidence was convincing, and 
not in such cases os this, whore (as he had tried to show) it was 
insufficient. He thanked the Society for the kindly reception 
accorded to his pa|)or. 
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9. On Mome PoDornxnALMATors Crustacea from the Crktacbous^ 
Formatiox of Vancouver and Quern Charlotte Islands. 
By IIknrt Woodward, LL.D., F.ILS., F.G.S. (Koad January 
22nd, 1890.) 


Some time since 1 received from my friend Mr. J. F. Whiteavos, 
F.G.S., Palaeontologist to the Geological Survey of Canada, several 
interesting crustaceans from the Cretaceous coal-bearing formation 
of Vancouver and Queen Charlotte Islands, and, as they offer a olose 
affinity with forms from our own Gault and Greensand, they are 
deserving of special notice. 

The existence of (‘retaceous strata in ('anada has long been 
known, and the coal-fields of Nanaimo and C(uuox on Vancouver 
Island have been correlated with this formation as well as those 
of Queen Charlotte Island and Alberta, eastw^ard of the llocky 
Mountains. 

Mr. F. B. Meek in 1857 gave a descrijdion of now organic 
remains from the ( 'retaceous of Vancouver Island, including liacn- 
lites ovatus ? 8ay ; Ammonittg {SatphiUs) ramoims^ A, Arwherrpantis, 
DmUilium mtnaimoennigy Thracia {'i) occhUntaliit^ 77//*. (?) sulUruH’- 
oitUy Trxqonia h'raiutana^ Pholadomt/a siiht lotuiutu^ l*h, {^(ioniomya) 
bartaikSy Cardium HcituliDo^ Area vanconveremtig^ A. {^CuculUra) irqui- 
lateralig, and Auctila Traekana, Dr. JJ. F. Shumard in 1858 added 
J noceramxtg vancourerensatf Pinna cdlamitoidegy and Pyrula tjlalmt 
to the Nanaimo fauna. 

In Prof. 11. Y. Hind 8 ‘ lleport on the Assinihoino and Sas« 
katchewan Kxjicdition ’ (lS5tt) further lists of fossils are given, lit 
in number, all referred to Cretac(;ou8 forms, namely : — 


Anomia Flrminyii. 

Inocrramun cavadcnsin, 

Atncula lim/utfforniis, K. & S. 

nehroM'ana, K. A 8, 

Ijfda EvanAi, Hull A M(5ek. 
liotHelUirxa amerivunu, K. A S. 
Natica obUquata, Iltdl A Meek. 


Ijrda Ilim/i, M(H?k. 

AvrUana vtniciuna^ H. A M. 
AmimnntrH fdiu vnta^ Dukuy. 
tSca/diift’M ii/fdoHun, t)w(rn, var. 
- - - donradi, Morton. 
yautUw* Ihkayi, Morion. 


In 1801 Dr. (now Sir) James Hector instituUsd a comparison 
between the strata east of the Itocky Mountains with those of 
Vancouver Island (Capt. Palliser s K.xploring Expedition, 1857--H0).' 
The list of Cretaceous fossils contributed by Mr. Etheridge from 
east of the Rocky Mountains comprised ; — 


Oftrea anomiaformin. 

luqubru, Conrad. 

cortex, Conrml. 

vtllicata, Conrad. 

♦ Inoceramua Crippgii, Roemer A C, 
Ijeda Hindi, Meek. 


Adarie tcxarui, Conrad. 

Card turn mulfintriatum, Hbumard. 
t'yihrre.n trxana, Conrad. 
idvAadomyn 00 iflcntaliM, MorUm. 
iSacufUeg compreMua, Say. 


* Inoceramw Crippm fRoerner) and Jiacxilites compreivmH (Say) are stated to 
be ooaimon to tbe CreUiceouu rocks of the plains and of Vancouver Island ; 
while of the whole 18 species no less tlian 13 are identified with Texan or 
Mexican species. 


' Quart. Joum. GeoL Soc. voL xvii. (1861) pp. 388-445. 
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Those from Nanaimo, Comox, or Valdez Inlet are: 

Inoceramw ff,rar.w, Conrad. Jnocernmw mytUoide^, Conrad. 

— — ()wen. Trtpovia Fj/rioryi, (>)nraa. 

undulatoplinatuH, Roemer. Ci/thfrea Irojifnsis, Coni^. 

cojiferfini annidatui^, Roemer. Ammonifcf, yenU-ulatui*, Conrad. 

In 1801 Mr. Meek (Proc. Acad. Nat. Sci. Philad. toI. xiii.p. 314) 
added to the list of Cretaceous fossils from Vancouver Bosinw 
from Nanaimo ; Jn/jcei'amux mihvndahis^ BaniHteK ocdd^vUaliM^ 
A'inmonite$ vancouvereiisis^ and Nmililns ('nmphelli^ from Comox , 
Ammoniieit compho'vg^ var. sueienavt^ from Comox and the nucia 
InlandH ; and BacuHtfa inonuiUut^ from the Suoia Islands. 

In 1864 Mr. W. Gabb, in vol. i. of the ‘ Pala*ontolop:y of Cali- 
fornia/ d()scribed and figured two new species of fossil Bhells, 
namely: — HamiieRvnnravverenmHnJx^ IWUn 7' rash i from Nanaimo. 

For an admirable summary of our knowledge of ‘ the Cretaewus 
Hysiemof Canada/ see tin* Pre.sidential Addr(‘Ss to the Royal Society 
of Canada by ,1. F. Whit eaves, Section iv., May 2Ilrd, 180.1, pp. 3- 
19 (Trans. lUy. Soc. Canada). 

I find that it is impossible here to give a full list of all the fossils 
obtained from these beds, and 1 have omitted the fossils of the 
upper scries of deposits entirely, as also the ]>lant-remains. 

Besides tlu' mollusca, a decajmd crust ae(‘an (named but not 
descrilKHl as Ilophtparla or Podocrastfs'! dHlmrnntftvt) has been 
recorded from tlie Niobraru-Renton group of Manitoba — a long- 
tailed deea])od (Pahf'aii({trus) from the l*ierre Fox Hills or Montana 
formation, and abeelle, H ylofdtrs creiaents^ Seudder, from the IHerre 
Shales, Millwood, Manitoba. 


The species of cnistacea now to be noticed comprise : — 

1. SevcTal examples of a small macrurous decapod belonging to 
the genus C(dJlanassa, met with very fre{|upntly in the Faxoo Beds, 
the Maestricht Chalk, t lie Gn'cnsand of Colin (ilen, Belfiist and 
also from lower Ix'ds IsochelaX^ Kimeridge Clay of the Sub- 
wealden bonng; and from higher and later ones, namely, CaUia- 
nassa BaUi,^ Upper Marine Series, Hempstead, Isle of M ight. 

This is a small burrowing crustacean, and is found living at the 
])re8ent day ; usually only the chehr are obtained in dredging* 
owing to the animal lying in its burrow, and the hands alone pro- 
truding from the aperture. 

The body- (thoraeio-abdominal) segments are nearly soft, owing 
to the animals constant habit of lying concealed, only the hands 
having a hardened calcareous covering. 


fieocomitims, H. Woodw. Brit. Assoc!. Rep. (Norwich) 1868, 
p. 75, pi. ii. fig. 5. .p. 

* C. isocheh, H. Woodw. Quart. Jouni. Geol. Soc. vol. xxxii. (1876) p. 47, 
pi. xxxii. figs. 1,2. , I 

» C. Batei, H. Woodw. Brit, Amoc. Rep. (Norwich) 1868, p. 74, pi. n. Ag. 4. 
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I. MACRURA. 

Tribe T ii a l a b 8 i n i nic a. 

Family Calliaiiassidac. 

(ieniis Calliakasba, Leach, 1S14. 

1. CulUannsna Bp. nov. (FigB. 1 A 2.) 

Genenil intcj^umcnt of body extremely tliiii, or Memimeinbriinous, 
except the tirst pair of teel, which are })rot(*cte(i by a hard covering. 

Anterior feet (chelipeds) very unecjual ; length of larger limb 
3b millim. ; breadtli b miilim. ; the dactylus is straight, and is 
b millim. long, liut the lixcU thumb of the juopodos is rudimentary 
and stout, being only half as long aw the movalde linger. lamgth 
of smaller hand about millim. Surtuee (>1‘ hands faintly wrinkled. 

There are indicat i(»ns of tin* 
segments of the abdomen ami 
of the thin integument with 
which they were eovered, also 
of the small thoracic legs, but 
they are too inueli hrukoii up 
for detailed descrijition. 

In this sjHH:ies from Van- 
couver Island thetixed tliumh 
of the propodos is shorter than 
in any of the species liitherto 
rtMjorded, and the movable 
finger (duct} lus) is straighter. 

The speeies is smaller 
than that from the Chalk of 
Duliuen, Westphalia, or from 
Maestricht, or Belfast. I 
have designated it Calliaunsm 
Wkiteavtsii, in Inmour r»f rny 
friend Mr. J. F. W hiteaves, 
who has done so much for the 
elucidutitm of the Cretaceous 
formation in Canada. 

Original sj^eciinens preserved in concretionary nodules of Cre- 
taceous age from C'omox River, Vancouver Island. Collected by 
I)r. C. F . Newcombe Museum of the (ieologicul Survey of 

Canada, Ottawa. 

A nodule from \ ancouver Island, in the Geological Society’s 
Museum, contains the remains of the large hands of Calliana$$a 
WhiUavcsii, A second nodule from the same collection contains the 
carapace of Playivlophut vawmveremiH, 
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TI. BRACHYUllA— ANOMALA. 

Family Homolidae. 

Genus IIomoloi*8is, Bell. 

Carapace longer than hroad, quadrilateral ; repons of carapace 
vor)" distinct ; branchial repon lar^^e, triangular ; orbits close 
together, frontal region rather produced ; front subrotund. 

2. IfomoIopHiH Jliehnrdsoni, sp. nov. (Fig. 3.) 

This interesting littbs crab was obtained by Mr. James Richardson 
in 1872 from Skidegate Inlet, west of Alliford Hay, Queen Charlotte 
Island, and is preserv’cd in a hard black limestone-nodule containing 
I >1 ant-remains. Portions of the limbs still remain in their normal 
position, showing that it was entire when originally buried in the 
matrix. 

Tx^ngth of carapace 20 millim., greatest breadth 17 millim. ; 
breadth of ]»osterior border Id millim.; breadth across hepatic 
region Id millim. 

Tlie carapace is broadly quadrilateral, but ]»ointed in front ; the 
branchial rogions extend to fully one half the length of the 
eQra]»uc(* ; they are roughly 

triangular in sha]>e, and Fig. 3. 

nearly meet on the middle 
lino behind the cardiac- re- 
gion ; cardiac n'gion small, 
shicld-sba])ed, bnt elevat(Ml : 
metagastric region marked 
by two small prominences ; 
hepatic regions prominent. 

'Pwovery distinct and almost 
furrows, the braii- 
rrow and cervical 
or hepatic furrow, diverge 
from the sides oft be cardiac 
and roetagastri(^ regions 
obliquely forward towards the lateral margins of the carapace. Two 
deep Bubrntniian furrows mark the frontiil portion of the cephalo- 
thorax, reaching to the rostrum, where they converge on the central 
lino. Two small spines (or t>ther appendages) project (as in the 
genus IxitrfilUa) from the rostrum on either side. 

The hinder border is extremely wide and straight, and suggests 
the hroad margin for the attachment of the tail as in the females of 
all the Aiiomala, in w^hich section the abdomen is only partiaDy 
concealed beneath the cciihalothorax. 

The surface of the carapace, w'hich is tumid, is coarsely and 
irregularly' covered with small rounded tubercles, which are larger 
on the gastric and hepatic regions. 

The walking-legs were evidently long and fairly large, and the 
chelipeds curved and tuberculated as in Homola, 


parallel 
chiol fi 
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This species has many points of resemblance^ to Reuss’s Pi^osopon 
verrucosuw, from which, however, it differs in the frrcatt'r anterior 
breadth of Rcuss’s specimen, and in the form of the rostrum and 
arrangement of the furrows upon the gastric and cardiac regions. 
Reuss*s P. vfrni4‘osum should probably be placed in Bell’s genus 

In liomolopfils Edwartiftii^ Bell, from the Gault of Folkestone, the 
frontal border is broader and the earapneo more quadrate than in 
the North American form, which is pointed in front; the anterior 
half of the carapace in If. Kdwanhn is more coarsely ornamented 
with fewer and larger tubercles, and the arrangement of the lobes 
differs c<^nsiderably from that in //. Eirhanhoni. 

I would refer this specimen to ffomolopsls, and dtulicate the 
species to tlie discoverer, Mr. James Hichardson. 

The 8j»ecimen is from the Museum of the Geological Survey of 
Canada, Ottawa. 


I>Cgion OXYHTOMATA. 

Family Corystidte. 

Genus Pal/Kocohystin, Ihdl. 

In this genus the carapace is longer than broad, flat! ish, becoming 
narrower gradually towards the post<Tior border, rostrum short, 
latero-unlcrior bordiT dentated. Orbits mo(lerat(‘ly broad, with 
two fissures. 

The carapace in all tin* species of this genus at present known is 
similar to that of the mask(?d crab, Oor//.v/c>f, now living on our 
English coasts. 

.'i. Palcrocor Puff'S I/nrvetil, sp. nov. (Fig. 1, p. Ii2t).) 

The genus PahraconjHttH., to which I hav(5 referred two of the 
sjiecimens sent to me by Mr. Whitcuivos, is well rof)rcjsonted in the 
(iault, Greensand, (’halk, and Eocene. 

Thus we have : — 

VaUtKK’ory^trn JirorJeripii , Mant**Il, sp, ; Ouult. Kollo^stoiio. 

S/nkesii, M/inU-Il, sp. ; (jault and (tnsniwiiid, Catrtbridge and 

FollOMSloiH*. 

^tirmanni, Itell ; Chalk Marl, Talc* of Wight, 

MuUrri, Bink ; Uppor Chalk, Miwslricht,. 

(.aflutnfixmrvm. Fritarh ; Chalk, Bohfinia. 

txrrirux, FritHch ; C'halk. Boh»*tnia. 

gla)tra. H. W. ; Lo»»*r Portsmouth. 

Encaryxttx (larieri, .M'C'oy ; Om-iiMand, ('arnhridgr. 

Both the specimens from Canada are iintterfcct. One of them 
{No. 2) shows the anterior upjKT surface of the carapace, the other 
(No. 3} the posterior upper surface. From these we are able to 
make the following diagnosis : — 

Spe6Jic characten. Length of carapace 35 millim., from the 
rostimm to the broken posterior border (to this we must probably 
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add 15 millim. more, making the total length from the roatrum 
to the posterior border of the cara- 
pace 50 millim.) ; greatest breadth Fig. 4. 

across the hepatic region 37 millim. 

(No. 2 was collected by Mr. W. 

Harvey, Comox River, Vancouver 
Island, 1892; No. 3 by iJr. C. F. 

Newcomlx*.) 

Carajiace smooth and gently convex 
in front, and very tinely and minutely 
granulated. Lalero- anterior border 
armed with four serrations on each 
side, frontal border niarkc^d by one 
prominent and one smaller tooth on 
either side ot the small bifid rostrum, 
while two fissur(‘s mark the margin 
of each orbit. Under surface of 
carapace not exposed. 

Tlie n^gions of the carapace an* 
very indistinct ; two slightly divergent raised lines about 5 millim. 
in lengtli mark the frontal n'gion just beliind the rostrum, and 
there is a faint ridge down the cenln* of the caraj)ace. A small 
tubercle on either side, btdiind tluj frontal region, marks the 
epigastTic loin*. A faint curved and bifurcating line separates the 
gastric from the cardiac, regions, while two slightly rugose and 
incised lines curve outward and forward from tlie central cardiac 
region, marking (he limits of the branchial region on oith(jr side. 

Of the sev(!ral sjiecies of Pahrocorystes known, the present form, 
which 1 have ventured to call P, Harveyi after its discoverer, 
approaches most nearly to J\ iiroderijni from the Oault of Folke- 
stone, but is probably one-third larger. The latero-anteri or border 
of the former (i', Ilarwyi) has four spines on each side, whilst 
P, lirodtrijni has only two. The orbital regions ditier in form, as 
well as the markings on the regions of the carapace. 

We must await mon* eomjdete materials before attempting a 
fuller and more careful descii])lion ; meantime it is interesting to 
meet with a species from so distant a locality which apppoaches so 
nearly to our own Gault species P. BroderipU, 

Formation, — Cretaceous. Jjocalitit^, — Honiby Island (No. 2); 

and Comox River, Vancouver Island (No. 3). 

No. 2 belongs to the Provincial Museum, Victoria, Vancouver 
Island ; No. 3 belongs to the Geological Survey of Canada. 

Ijcgiou Ctclometopa. 

Family CancridfiB. 

Genus Pragiolophus, BelL 

In this genus the carapace is transversely ovate, the regions of 
the cephalothorax are distinctly marked, front somewhat prominent. 
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the eyes sabdistant, superior border of the orbits with two fis* 
sures, etc. 

4. Ptagiohphiis vaiiccuverensis^ sp. nov. (Figs. 5 & 6.) 

This crab is represented by four specimens, three of which 1 
received from Mr. Whitcaves, and the remaining one is preserved in 
the Museum of the (foological Society. 

The carapaces vary in size from : — 

Millimetres 

^ .. ... 

long. broad. 

1. Geological Society’s specimen 1^2 28 

2. From Comox River, Vancouver Island 

(fig. 5) 20 25 

3. X.W. side, Hornby Island Hi 20 

4. N.W. side, Hornby Island (^fig. 0) . . 10 13 

No. 1 and No. 2 arc ^ broader than long, No. 3 is and No, 4 
is broader than long. 

The frontal lM)rder is straight ; the ro.strum is bifid, with two 
small rounded (‘l(«vations divided by a groove; the orbital region is 
smo(»th and but little indeiittHl ; the lateral borders are very gently 
rounded, the posterior border is nearly straight. The cardiac and 
metahranehial lobes, the metagastric and epihranchial lobes, and 
the two mesogastric lobes (brm three almost jmrallel lines aeross the 
carapace, giving it a very uniijue linear arrangement ; tln^re are 
also two much smaller lobes, one behind each of the orints. Hanked 
laterallv by a small tubercle, and a small rounded tubcTcle on each 
epibraochial lobe ; the lateral border was bluntly dentatod. 



When not waterworn (as in sf)ecimen No. 4), the surface of the 
carapace is in parte very finely granulated. 

I'hese specimens are very distinct, but without more mutcriala I 
should not feel justified in’ separating them gonerically. 1 ]>refer 
rather to place them in Beirs genus Phujtolophus, which was 
proposed to receive P, Wetherelli, from the London Clay ol bheppey, 
(i.J.G.S. No. 20(j, ». 
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‘ The same species — described under the name of Glyphithyrtut 
ajffinU (Keuss) — was figured and described by Reuss nearly at the 
same date. Reuss also adds another species, Glyphithyreui for^^ 
moitu, Reuss, from the Upper Cretaceous of Mecklenburg. 

1 feel satisfied to leaTe these Vancouver Island crabs in this 
genus, and to designate them by the trivial name of vancouver&nsis. 
Two specimens were collected on the north-western side of 
Hornby Island, and one on Comox River, Vancouver Island, British 
Columbia. The locality of the Geological Society’s specimen is not 
marked, but it is from Vancouver Island. 

Nos. 3 and 4, from Hornby Island, belong to the Provincial 
Museum of Victoria, Vancouver Island. 

No. 2 specimen shows traces of limbs, and the flattened propodos 
of a chelate fore>arm 13 millim. long x 8 millim. broad. 
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10. On a Fossil Octopus (Calais Nk^vboldi, J. Do C. 8by. MS.) 
from Oie Cretaceous of the Lebanon. By Hen ay AV'oodwari), 
LL.D., F.ll.S., F.G.S. (Kead Jauuary 2:^iid, 1800.) 

[Plate VI.] 

1 AM indebted to ^Ir. C. Davies Sherborn, F.(3.S., for drawing my 
attention to u very reiiiarkiible and beautiful lossil from the 
Cretaceous forinutioii of the lAbaiKUi, Syria, obtained aliout 1840 
by laeut. T. .1. Newbold, and presented by him to the Museum 
of tlie (ieological Society, where it has since remained. In 1840 it 
attracted the attenti» 11 of Mr. J. De Carle Si>werhy, who evidently 
intended to describe it, ‘at a more convenient sen-smi/ which never 
arrival ; for he wri»te uj»on it: — 

‘ i altUM Stit honlii li ’ (road Stwhohli), ‘ C'Erii. Octopoua. Genas 
xneditum. Altdonitn afis truunjutarihuft instruct urn, 

^ K strato calcdcto tictiario Montis LUntni a /J, (T. J.) NctvhoGO^*-^ 
fjfussiim 1^4*». J. Di: C. S<»\\i:iuiY.’ 

The only criticisms that 1 wouhl venture to make ui>on this label 
are ( 1 ) that the stratum of linie.stone from the Lebanon, whence the 
fossil was derived, ks not of ‘ Tertiary ’ but (’retawous age ; (2) that 
the specimen is marked in pencil on the back ‘ Major Ninvbold, 
Mt. lA*banon ’ (whose initials were *4'. «).*s=s.^ rhoinus John*) 
not D., and there sliould he no u in Newbold. He is .spoken of 
in 184ii as ‘JJeul. Newbold* ( Proe. (ieol. Soc. lS4li, pp. 782-7112), 
and by Murchi.-^on in his Presidential Address, Feb. 17th, JH4II, 
as ‘Lieut. Newbold, of the Fast India Company’s service* (l*roc. 
Cieol. Soc. vol. iv. 1 84(1, p. LIT). 

[In tlic ‘ Nuliouul ItiogriiphN IslM, pp. ol4 .'tlfi, Newbold is n)>uken of us 
one of the inont U('<'<iin)>li»li<Mi oHicern in llteKuHl liiilitt CNniijNiiiy tt tHTVJce. He 
wa« made a Lieiitriiurii in lK»-t , uikI, while serving in Malacou, wan Aido'dv- 
cainp to itrigadier-Oeiierid E. W. Wilson, C.li. In 1^40 he obluine<l leave 
and Tieited Egypt, Sinai, and Palestine, when he no doubt mreuretl the fossil 
DOW under coiisideration. He was inude a Cuplain, Ajiril ilitb, i but fiis 
later rank of Major is not iiieiiMotied by his biograpiier. lie died at 
MahabuK*shwar on .May 2htb, at the age of years, ile wrote several 

imiKirtant works on Indian (ieology, on Egypt, the Sinaitic JVtuiisuIu, and 
Palestine, and he contributed 40 pu{>crs to various learned Societies.] 

Prof. Lewis says, * There are two principal localities for Cre- 
tacer>us foesiLs known and recorded in the Lebanon, namely, Hiikel 
and Sahel-el-Alina, and a third of minor importance, called 
llazbula (Djoula on the French military chart), about 2 hours and 
a half south of ilakel. 

‘ Hakel is the oldest known locality, though it has been but 
rarely visited. It is a long day’s journey from Beirut, and is 
situated at about 800 to lOuO feet of elevation above the sea, and 
distant from the sea in a straight line aUjut 0 miles. 

‘ Sahel-el-Alma is nearer to Beirut, and may be visited from the 

b2 
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latter place in one day, with an allowance of two or three hours at 
the locality. 

‘ The rock at Hakel is somewhat harder than from Bah el-el> Alma, 
Tery fissile, and can l)e rearlil}’ trimmed with the hammer. 

‘ The section at Sahel- el-Alma is under the very walls of the old 
Convent, w'hich pives its name to the spot; here, in a fig-orchard, 
outcrops the stratum of white chalky limestone where so many 
heautiful fossils have been obtained, and whence comes also the 
Calais Aewbohfii* 

The following is a brief summaiy- of the bibliography of this 
classical locality : — 

The existence of fossil fishes in the Lebanon is referred to in 
Joinville’s ‘IJistoire de St. I^juis’ — edited by M. Natalis do Wailly. 
During the sojourn of the king at Bidon in 125»‘L just before his 
return home from the (Vusades, a stone was brought him, says 
Joinvillo, ‘ which was ilie most marvellous in the world, for when 
a layer of it was lifted, there was found between the two pieces the 
form of u fish. The fish M as of stone, but lacked iu>thing in form, 
eyes, bones, colour, or anything necessary to a living fish. The 
king demanded a stone and found a tench M'ilhin.* 

AI.de llluiiiville described Clajtea hrevinsima and Clnpea Beaurardi, 
from lliikel, in the l^banon, in 

Air. Chus. Koenig, 1820, in bis * leones Fossilium sectiles,' figured 
0/dilura Hhanoticn and Kurifule Bajtri^ pi. ii. figs. 20 and 27, from 
the Cretaceous of tlje l^ banofi. 

Prof. L. Agassiz, in IVissons fossiles ^), described two 

8|aK*ies of C'lapt'a from ilakel, and a Sphijnena and Rhinellus from 
Bahel-el-Aima, 

Sir riiilij) Egertoii added an account of CjfrJohatis from Hakcl 
(Quart, Journ. Cieol. Soc. vol. i. p. 225) in 1S45. 

Prof. Haeckel described tMo species of Pifcnosterinx from Sahel- 
el-Alma, and a new Bj)ecie8 of Clapea from Hakel, in 1840. 

Air. (). ( 1 . C/Ost a described Omosonm^ and Beryx in 1855. 

In 18f)<> AIAI. Pictet and Hunibert {*• Nouvelles llecherches sur lea 
Poissons fos.siles du Alont Lilian ’) described 2(> species of fishes from 
Bahel-el-Aln)a and 21 from Hakel. 

(Leptoitomiaf macrunts, described by Pictet and Humbert, Upper 
Cretaceous, Sahel-el- Alma, Alount I/ebnnon, is one of the fishes asso- 
ciated on the same slab with Calais RtwMdi^ the subject of this 
pajHjr.) 

Dr. Louis Lartet, in his fine memoir, ‘ Exploration geologique de 
la Alor Alorte, de la Palestine el de ITdumec* (1877), recorded, at 
p. 112, CiJiss Ckphalopoda. 1. Octopoda, ‘ Calais X^wholdTii,^ 
Sow. Empreinte de Cephalojmde dons les Calcaires a Poissons du 
Liban (Collection de la Bociete g^logique de Londres),’ 

Lartet also mentions the remains of cephalopods of the family 
SopiaduD from the same Cretaceous Limestone of the Lebanon (pre- 
served in the Paris Aluseum). 

' (The t in the epecifio name should be omitted.) * Cette empreinte curieuae, 
tr^-bien confer a et^ recueiliie par AL Newbold/.’ 
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Prof, Dr. Oscar Fraas, in his work, ‘Aus dem Orient/ 1878, 
pt. ii. (Stuttgart), tigun‘8 and doscribi's 28 sjwcies of invcrtebrata, 
echinodermata, mollusca, Crustacea, etc., and i tish {^Gj/roiius) from 
the Cretaceous of Syria, lie figures one dibranohiato oephalopod 
(Geoteuthh Uba notices) and 1 ammonite. 

Dr. Fraus mentions that tie saw in the oolloction of the Rev. 
Prof. FI. K. liCwis, at the Syrian ProtesUint College, Beirut, a 
specimen of with eight arms, of which ho secured 

a photograph ; and that Sower by had long ago obtained from 
the Lebanon an collected by Mr. Ncwbold, to which he 

had given the name of Calais yrtvboldi (‘ Aus dom Orient/ ii. 
p. 90). 

In the same year ( I "<7v8) the Rev. Prof. lii'wis, F'.O.S., gave an 
interesting description of the Fossil F'ish Jjocalitios of the Jjobanofi 
in the (teological Maga/.itie (pp. 214 220). 

In 1879 1 described betore this Society ^SVyr/i/Ai Leivisii and 
Limulus sjfriiiats from the Lebanon Cretareoiis (st^o Ouart. Journ. 
Geol. Soc. vol. x.x.\v. pp. 552 -.Vd», pi. xxvi.). 

In 188.4 1 descriired a new genus of fossil * (^ilamary/ Dorn- 
ifuthU stfriaras^ fr«»m the Cretaceous td* Sahel-el-AUua (see Oeol. 
Mag. J8.'%4, pp. I 5, pi. i.). 

In 1882 Mr. \V. U. lludh^ston, FMl.S., gave in his Presidential 
Address to the ticolugi.sU’ Associufion an adrniral»le account of the 
•(teology of Palestine/ in which the geological horizon of the Hiiktd 
and Sahel-el-Alina deposits is diH(tusHed, with a coloured map and a 
plate ^Proc. (ieologisls’ Association, vol, viii. 1884-84, pp. 1-54) 
(see also * Further Notes/ Proc. Geol. Assoc, vol, ix. 1885, 
pp. 77- P >4). 

In 1^8l) l*rof. I)r. \V. Parnes published an account of ten genera 
and twelve species of Crustacea tniUi the (Vetaceous of the Ijobanon. 
Among them is one figured and descrilHsl as Drotozom IJlhjendurJi^ 
Dailies, wdiieh is represented by tbrerr specimens on the slab which 
contains Calais Srwholdi. (Zeitsebr. d. deiitsch. gool, Gesollsch. 
vol. xxxviii. 188(J, p. 577, pi. xv. figs. 5-7). 

The fossil remains of Calais Snvluthli are preserved as a didicafo 
ferruginous impre.^.^ion n]i<»n tin* biscuil-colourou surfacre of one of 
the lis>ilc slabs of CreUiceous Limestone from Sabel-el-Alrna, 
Mount Lebanon. 

The slab is inches long by 8 in breadth and I in thickness, 
displaying remuins of fossil organisnis upon both its surfaces. 

These consist of several small w’ell-presiTved fishes, Ijeptosomits 
mncrariiSy Pict>et & Humbert, and a small crustacean carapace 
(believed to be a zoeo-form) and named Frotozoia JJil^etulorJi by 
Dames. 

The Octopus t which occupies the c^mtre of the slab, exhibits its 
eight arms (or more properly feet or ‘ podites ’), each furnished 
with a row of suckers, which diminish in size gradually from their 
base to the very slender extremities of the podites. Near the 
union of the podites with the bead, there is a faint trace of what 
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may bare represented the umbrella, or ' web/ which once united 
the arms or podites together. 

In the centre of the head (between the bases of the arms or 
podites) is a darker and denser spot of brown showing evidence of 
the beaks, — marking the position of the mouth ; below this again 
is a small slightly-raised orifice, which probably marks the opening 
of the funnel. Two remains of fishes lie across tbe neck and 
separate the head and arms above from the round wrinkled body 
beneath, with its triangular fins, a feature which at once distinctly 
characterizes this genus. 

An injudicious attempt to develop the two mutilated fishes, lying 
across the Octopod, has resulted in the unfortunate removal of a 
part of the thin and delicate layer on which the Nature-painting of 
Calais was preserved. In the centre of the body is an oval 
depression or cavity 8 mm. long and 4 mm. broad, once occupied by 
the ink-bag. The breadth of the body is 40 mm., and to the 
extremity of the lateral fins 04 mm. ; height of fin 14 mm. Length 
of arms rather over 100 mm. llrcadth of arm near the head about 
5 mm., but diminishing rapidly to 4 and 3 mm., and terminating in 
a slender whip-like extremity. 

There appears to he only a single row of suckers upon each arm, 
as in the genus Eledone^ and about 30 suckers in each row. The 
suckers vary in size from 2 ram. in diameter to less than 1 mm. 
Some of the suckers seen in profile stand up as much as 2 mm. from 
the surface of the arm. 

There is a faint trace of the presence of an umbrella, or web, 
uniting the bases of the arms around the mouth to a distance of 
about 15 ram. The arms were evidently very flexible, judging 
by the graceful curves which they have assumc'd even in death. 
They are also seen to be of nearly equal size and length, so far as 
can be ascertained. 

As I have already stated, the triangular ‘ ala*,’ or more properly 
‘ fins/ are characteristic of Calais, S. P. Woodward (‘Manual of 
the Mollusca,’ p. 04) says of the Octopods, ‘their bodies are round, 
and they seldom have fins/ 

In Pinnor4ojms the body has lateral fins united behind (ex. P, 
cordifor7ni8). In Cin'otenihis the body has two transverse fins. In 
Calais, as we have seen, the l)ody is round, but it is provided with 
triangular lateral fins (not united behind). 

In the decapods — cephalopoda with eight arms and two tentacles, 
or, as they are often called, ‘ tentacular arms’ — the body is oblong or 
elongated, and is always provided with a pair of lateral or nearly 
terminal fins. 

Sfpiola has rounded dorsal fins, but in very many genera the fins 
are terminal and often rhombic or angular. 

The question of the position of the arms, whether uniform in size 
and freely-moving, or differing in size and position in relation to the 
dorsal and ventral aspect of the body, is of some importance even in 
studying these fossil remains. 

Thus, for example, in his work, * Aus dem Orient,’ voL ii. p. 90, 
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Dr. Fraas refers to a specimen which he had seen at Beirht in the 
collection of the IIct. Prof. Lewis; this showed the head of 
a sepialito with its eight arms close together, and, as he says, 
reminded him of the fossil forms from the Lias, figured and described 
by Quenstedt. 

Dr. Fraas obtained a photograph of this * sepialite ’ from Prof. 
Lewis, which was afterwards lent to Mr. G. C. Crick, F.G.S., who • 
compared it with specimens obtained by the British Museum from 
the late Prof. Lewis, and was happily able to identify by its aid the 
original of Dr. Fraas's remarks,* 

The specimen proves to be the head and arms of a decapod 
cephalop^ allied probably to Onychoteuthis, showing the eight, 
ordinary arms, but with only a faint trace preserved of one of the 
long tentacular arms. 

The arms are close together and nearly straight, and are arranged 
in pairs. First there is a pair of slender and short dorsal arms, then 
two pairs of 

very stout and Plesioteuthis Fraasii, nov.^from the CreioMOXJiM 
longer lateral of the Lehanon. 

arms, and, 
lastly, another 
pair of some- 
what shorter 
and more 
slender ven- 
tral arms. 

No suckers 
are visible on 
the arms, but 
there are 
traces of what 
appear to be 
hook lets and 
serrations in 
two or thr(»e 
places, BO that, 
taken in con- 
nexion with 
the more rigid 
carriage of 
the arms and 
their arrange- 
ment in pairs, 
we may feel 
assured that 

this is not an octopod, like Calaii, but a tnio Teuthid* and 
probably related to Doraieuthis (see Geol. Mag. 1883, pi. i. p. 1). 

^ The photograph was marked in pencil CalaU Ifewboldi, 

* If a name be desired, I would suggeat for this sepiaUie the name of 
FUeioteiUhii Fraasit, alter the author of * Aus dem Orient.' 
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Length of the largest arms 7 inches, of the shortest pair of dorsal 
arms 4 inches ; the second or ventral pair of slender arms are 5 inches 
long* The head with the arms is nearly 10 inches in length. The 
beak is | inch in length and ^ inch broad at its base. 

At present, so far as my information serves, Caldit Newholdi 
remains the oldest and only known fossil octopod. 

I have retained Mr. J. de Carle Sowerby’s original name, it having 
been already recorded in print by Dr. Oscar Fraas and by Dr. Louis 
Lartet in their respective works already referred to. 

The genut C&l&is if derived from O&l&is, the brother of Zetee (fons of Bore^is 
and Orithyia), frequently called the Bor^ic (mentioned among the Argonauts), 
and described as winged beings. [Smith’s Classical Dictionary, 18815.] 

Postscript. 

The genus Dorateuthii^ proposed by myself in 1883, is by Zittel 
included in the genus Plmoteuthis of A. Wagner (1860), which has 
also a tricarinate internal pen with a spatulate distal expansion. 

There are now in the British Museum (Natural History) as many 
as ton Teuthidsc,' the largest of which is 20 inches in length, and 
exhibits the body, head, and arms in union. The smallest is not so 
large as 1), gyriacusy H. W. (1883), They all possess tricarinate 
shells. 

I hope to offer some further notes upon these very well-preserved 
decapod cephalopoda from the Lebanon later on, with the promised 
kind co-operation of Mr. G. C. Crick, F.G.S., who has devoted so 
much attention to the cephalopoda generally, and to whom I am 
indebted for information and assistance in preparing this paper. 

PLATE VI. 

Calais yewboldi from the Cretaceous of the Lebanon. 

Discussion. 

Mr. Crick stated that, as the occurrence of this fossil had been 
already at least twice recorded, and as neither a description nor a 
figure had been given hitherto, it was most important that the 
specimen should be described and figured, and it was very fortunate 
that the fossil had come into the hands of the President for de- 
scription. He believed the specimen to be a true octopod ; it was 
therefore the oldest known representative of this division of the 
cephalopoda. 

' All from Prof. Lewis’s collection of Lebanon Cretaceous fosaUs. 
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11. Hit British Siluriah Species of Acteaspis. By Philip Lake, 
Esq., M.A., F.G.S. (Read December 18th, 1895.) 

[Plates TII. k Till.] 


Contests. 

T. Introduction Iiii5 

IT. Description of Species 236 

III. Couiparison with the Swedish and Boheiuian Fuunut> 244 


I. Iktroduction. 

The genus An*l(utpis has l)een a peculiarly unfortunate one in 
Britain. Several of the 8|w»cific names 'which are in common use 
are manuscript terms, or hut little luMter; and the speeies to which 
they arc‘ applied liavo never lwM*n descrilH*:!. Jt is impossible, t here- 
fore, without access to standard collections, to determine to what 
forms the names refer. Even the species which have been described 
have in many eases bc'en im]ierfwtly tigured, and the result is 
endless confusion. The common English trilobite. A, caroJuUa^ has 
received abnmd no less than three names, all of them different from 
ours; w'hilo in England, on the other hand, the foreign name A, 
crenata is often applied to a H|H'cie8 wdiich is <]uite distinct from 
the original A, crenata^ and which in fact has never yet been found 
out of Britain. 

The disorder is worst among the Silurian forms, although these 
are much the most jK*rfect. The Ordovician s{>ccieH are usually 
fragmentary, but the fragment-s have been fully described. 

It is the object of the present paper to attempt to reduce the 
specific terminology to some sort of order, and to rescue the common 
manuscript names from the obscurity in which such terms tend to 
become involved after a lapse of time. Only the Silurian forms are 
here described ; the Ordovician species have been left in the bojio 
that better material may be forthcoming in the future. 

Even the name of the genus itself is matter of controversy. 
Murchison * employed the term AcidUufpin in 1839, and in the same 
year Emmrich proposed the name OilontopUurn. I'he latter is often 
used in Germany, but the former is the more widely spread. There 
is, however, an earlier name still, the use of which has been advocated 
by Vogdes* and J. M. Clarke,* though Vogdes, in his bibliography,® 
does not adopt his own suggestion. This name is Ceraiocephala^ 
and was applied by Warder* in 1838 to a species which he called 

* * Silurian Sfstam/ p. 658, 

’ * De Tril. I^ai. inaug.’ 1H39, Berlin. 

> Proc. Acad. Nat. Sci. Philadelphia, 1877. p. 138. 

* 44tb Ann. Bep. New York State Mueeum (1891), p. 91. 

* BibL PaL Crust. 1893, San Francisco. 

* Amer. Joum. Sci k Art, fol zxxi?. no. 2 (1838), p. 877* 
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CeroAocephala goniata^ and which belongs to the tame group aa 
A. veiieulosa etc. Warder’s name was rejected by Corda on the 
ground that it had already been employ^, in the form CeraUy^ 
eephalus^ for a genus of plants ; but even if it be eligible, its rival, 
AcidoiptSf has been so widely used for so long a time that, here at 
least, 1 do not propose to adopt any other. 

II. Desckiptiob of Species. 

Acidaspis Briohti, Murch. (PI. VII. fig. 5.) 

1839. JridaapU Briffhtii, Murch. * Sil. p. 068, pi. xiv. fig. 16 ; 1848. Salter, 
Mem. (lool. Surv. vol. ii. pt. i. p. 848, pi. ix. figs. 6(?), 7 (not fig*. 8, 9). 

(Not OdotUopleura Brightii^ Ileyrich, * UnterM. ul>er Tril.’ p. 20, pi. iii. fig. 6.) 

Head transverse, crescentic, with one occipital and two genal 
prolongations or arms ; tubcrculatc. Glabella prominent ; central 
portion nearly uniform in width throughout, but slightly contracted 
between the second pair of lateral lobes ; lateral lobes two on each 
side, almost completely separated from the central portion ; the 
basal lobe much the larger of the two. Occipital ring very indi- 
stinctly separated from the glabella, produced backward into a single, 
strong, straight median spine. Eyes placed far back, and very 
near to the basal lobe of the glal^lla ; connected with the front 
end of the glabella by a nearly straight ocular ridge. Free cheeks 
small, with a raised margin, which bears a number of spines directed 
downward ; genal angles produced into long and strong spines, 
which form a continuous curve with the posterior margin of the 
head, but make a distinct angle with the external margin. 

JJorizons and Localities. — Wenlock Limestone ; Dudley, Lower 
Ludlow : near the Wych, Malvern. It has been recorded from the 
Bala beds, but this is probably due to mistaken identification. 

Affinities. — Only the head is known with certainty. It closely 
resembles A. Gragij Barr., but is distinguished, as Barrande has 
pointed out, by the following characters: — (1) the genal spines in 
A. Brighti are inclined to the axis at an angle of about 45°, while 
in A. Orayi they are nearly at right angles to it ; (2) the occipital 
spine in A. Brighti is usually somewhat smaller than in A. Grayi^ 
and does not bear the prominent tubercle characteristic of the latter ; 
(3) the ocular ridge in A. Brighti is nearly straight, in A. Grayi 
strongly arched ; (4) the granulation in A. Brighti is much coarser 
and stronger than in A. Oragi. 

It is easily distinguished from all other British species by the 
single strong occipital spine. 

Rmnrks on the Sgnonging . — ^The species was originally described 
and figured by Murchison, and formed the type of his genus 
Acidaspis, In 1848 Salter gave a fuller account of the form ; but 
unfortunately he confounded two species under the same name, and 
figured two distinct heads and two distinct tails. One of the species 
is identical with Paradoxides quadHm%U!r(mai\MS^ Murch., and hence 
this name is usually quoted as a synonym of A. Brighti. Sub- 
sequently Balter recognized his error, and in 1857 he described the 
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second species under the name of A. coronata. This, and not 
A. Brightly is the Paradoxulett quadrimucronaim of Murohison. 

Beyrich’s OdontopUnra Brightii is a different species, and is 
identical with Acidaspis quinques/nnota^ Salter MS. 

Acidaspis coronata, Salt-er. (PL VII. fig. 6 .) 

1^39, ? Paradoxide* qu<idrimurron4ttuit^ Murrh. ‘Sil. Sy*t.’ p. 668, pi. xiv. fig. 10. 

1R16. ? Odtyntopleura mn^tVa, Kininrich, Nouoh Jahrb. IB45, p. 44 ; 1840. Boyrtch, 
* ViitoM. iib. Tril.’ p. 19, pi. iii. fig. 6. 

1H48. AciiUifpif Brigktii (parn), Salt4»r. Mptn. OpoI. Surr. vol. ii. pt. i. p. 848j 
pi. ix. figM. 8. 9 (not figH. 0, 7). 

1H6.3. Acidatpi* cornnafwt, Snltpr, Mom. Gih> 1. Surv. doc. vii. pi. vi. p. 7 ; 1864. 
Morris, * Catalogup of Hrit. FtHHiU.’ 2nd ikI. p. W. 

1864. Aridotpi* Markrlini, Atigplto. * I*al. Scnnd.’ p. 88, pi. xxii. fig. 13. 

1h64. Ariditttpig multictigpin, Angplin, ‘ Fill. Spann.' p. 87, pi. xxii. fig. 13. 

1867. AcidtigpU roromtto, Saltpr, Quart, .lourii. (twil. Sim*, vol. xiii. n. 310.. 

1886. Ariiiiiapig Morliini, LindHtrom, Ofv. kongl. Vpt.‘Akiid. rbrh. Arg. 48, 
no. fi. p. 64, pi. xiii. figH. 8. 15, pi. xvi. fig. 10. 

1888. Aridogpig mufira, Wigand, ZpitMchr. douUph. gool. (iphpUhcIi. vol. xl. p. 98, 
pi. X. figa. 19, 20. 

General form broadly ovate, depressed. 

Head large, semilunar, the angles drawn out into broad spines ; 
granulate. Glabella triangular; median portion nearly parallel- 
sidt^i ; the baHul lateral lobe is considerably larger than the second ; 
both are rounded and well-defintHi, but continent on the inner side 
with the median portion of the glal>clla ; anterior lateral lobes 
obsolete. Frontal border nearly straight, smooth, projecting beyond 
the margin of the free cheeks. Tho facial suture in front of the eye 
is nearly parallel to the axis, behind the eye is continued almost at 
right angles, and cuts the iic»stcrior margin not far from the genal 
angle. F^yes small, prominent, jdaced far back, close to the occipital 
furrow ; ocular ridge curved. Frt»e cheeks easily separable, granular, 
steeply inclined, bearing at tho margin a row of about tw^elve short 
spines ; produced at the gcnul angles into broad spines, the borders 
of which arc nearly continuous in direction with tho borders of the 
cheeks. 

The thorax consists of ten segments. Axis narrow. PleureD 
straight, at right angles to the axis ; prcriuced into spines, which are 
strongly lx>nt backwards. Each pleura liears a prominent ridge, ou 
which is a row of small tubercles, sometimes indistinct. The spines 
also are granulate. 

Tail broad, short. The axis consists of two segments. From the 
anterior ring a strong rib proceeds on each side to the margin, 
where it is produced and forms a primary spine. There are four 
secondary spines between the two primaries, and one outside each. 
All the spines are directed straight backward, and they are gene* 
rally short. The margin, spines, and other prominent parts bear 
tubercles, and there is generally one somewhat larger than the 
average, at the base of each spine. 

Horizons and Localitiu , — Wenlock Limestone : Dudley ; Walsall ; 
Malvern; Pen-y-Uan, Cardiff. Lower Ludlow: Vinnal Hill, Ludlow; 
Dudley. A ver}* much crushed specimen in the Museum of Practical 
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Geology, Jennyo Street, from the Upper UandoTery of Pen-y-llan, 
seems belong to this species. 

Affinities, — This species closely resembles A, dejlexa^ from which, 
however, it may be distinguished by the following characters : — 
(1) the external border of the genal spine in A, conmata forms a 
curve nearly continuous with the external margin of the cheek ; in 
A. dejUxa there is a distinct angle between the two ; (2) the tail of 
A, coronata bears eight short points, all of which are parallel to the 
axis, while the tail of A, deflexa bears only four spines and a rudi- 
mentary point at each of the anterior angles. 

Synonymy, — A, coronata has been one of the most unfortunate 
species of an unfortunate genus. At the present day it bears three 
distinct names, all of which are in common use. It is known as 
A, coronata in England, A, Mariclini in Sweden, and A, mutica in 
Germany ; and even yet it is not clear which of these names it 
ought to boar. Murchison’s term fjnadnmucronatus is older than 
any of them ; but it is so entirely misleading, and his description is 
so incorrect, that although his figure is just recognizable, the nnrno 
can scarcely stand. Moreover, it is possible that all palaeontologists 
may not consider Murchison’s figure unmistakable. 

The oldest of the other three names is mvtica ; but although our 
species is identical with A, mutica as figured and described by 
'NV’igand, it is by no means certain that it is the same as Odonto- 
pleura mutica of Emmrich and Beyrich. Emmrich’s description is too 
brief to be of any value ; but Beyrich's account of the s|K*cies stales 
that the thorax has only 9 segments, while in his figure the spines 
of the tail are radiate instead of parallel. Until, therefore, 
Emmrich’s or Bcyrichs tyj>e has been re-examined, it is impossible 
to apply the name to the English form. 

In 1848 Salter figured and described Murch., 

but unfortunattdy, along with a specimen of the true .A. Bnyhtl^ he 
figured also a head aud a tail of our present species. In 1853 he 
had discovered his mistake, and proposed the name coronatus for the 
new form, pointing out at the same time which of his figures 
belonged to it; but it was not till 1857 that be published a 
description. 

In the meantime Angelin had described and figured the thorax 
and tail of the same trilobite as A. Marklini, a name which has not 
unnaturally been accepted in Sweden. Under the impression that 
it belonged to a distinct species, he gave to the head of this form 
the name of A, multicuspis, Angelin's figures are not go<id, but 
Lindstrom has since given an accurate description of the species with 
good figures ; and from an examination of the original specimens in 
^e Eiksmuseum at Stockholm I am able to state that the Swedish 
and English species are identicaL 

Thus there is plenty of room for difference of opinion, and it is 
not without hesitation that I have adopted Salter’s name. But, 
putting aside Murchison’s term, Salter’s was the first which waa 
applied to a recognizable figure oi the species. 
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Acidaspis dkfxbxa, sp. nov. (PL VII. fig. 7.) 

This resembles A, corotiata so much that a full description is 
unnecessary, and it will be sufficient to draw attention to the chief 
points of difference. 

Head as in c^ronata ; but the genal spines are more slender, 
and their outer borders make a distinct angle with the external margin 
of the cheek. 

The thorax consists of ten segments, as in A. coronata ; but the 
pleural spines are somewhat more dtdicate. 

Tail rntluT large, broad. Axis small, with two rings defined 
upon it ; from the anterior ring a rib curves back on ouch side, and 
is produced bevoiid the margin of the tail as a long slender spine, 
slightly itjclined outwards. Hetween these two primary spines aro 
two shorter ones, and outside each primar}’ is a rudiriuuitary point. 

Jinrizon and Lncailtien. — Wenlork Limevstone : Dudley ; Walsall. 

— This is one of the forms which are commonly called 
A. crewita in England ; but it is (juite a distinct sjundes, ami is much 
more closely allied to A. cornunta. From . 1 . crenata it is distinguished 
by the outlim* of the head, the strength of the genal spines, the 
alwonce of crenation on the frontal bordcT, etc. Fr(>m A. coronata 
it is separated by the characters of the genal spine and of the tail, 
as described above. 

AciDisprs CRKNATA, Emm. sp. (PI. VII. figs. 1 it 2.) 

iSgi. () iontoplvurn Kintiiricli, Nimu'h Jiihrli. IHto, p. 

lHt5. Ceraurui crematus, Lovon, {>fV. Vot.-Akuii. 1816, p. 47, pi. i. 

fig. 1. 

Jl^xly oval, broad in front, narrowing rapidly behind. 

Head sub-quad rate, about twice as broad as long, margin incurved 
in front. The glabella narrows slightly towards the front ; basal and 
second 1 oIk>*s rounded, nearly equal in size, almost comph^tely cut off 
from the central part of the glabella. The occipital ring boars a 
small tulicrclo. IVontal border crenate. Facial suture in front of the 
eye nearly parallel to the axis, behind the eye it ciit« the posterior 
margin. Eyeii very ])romincnt, placed far hack, close to the nock 
furrow and near to the glaliella. Free cheeks granular; margin 
provided with short sjnnes ; genal angle produced into a long slender 
spine, which at its origin is curved (»utwanl. 

The thorax consists of nine segments, which after the first two or 
three decrease in width towards the tail. Axis about us wide os the 
pleunc. Pleiinc nearly at right angles to the axial line ; bears 
a pr(»rainent ridge, which, except in the case of the first two segments, 
is produced into a long, slender, backwardly-directr^d spine. 

The tail exists in two forms (each of which has been found 
attached to a complete specimen): — (1 ) very small ; consists of two 
segments, the anterior of which is produced backw’ard into a long 
spine on each side ; two very short spines botw'een those primaries; 
(2) much broader, with a broad flat area around the axis; primary 
spines not so long, secondarA’ spines larger. These two forms prob- 
ably belong to d^erent sexes. 
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Horizon at^ Locality, — Wenlock Beds : Dudley. 

Affinitiei, — As already remarked, A. deflexa has usually been mis- 
taken for A, crenata ; but the resemblance is not very striking, and 
the differences have already been noted. A, Barrandei^ Ang.. is 
very close to A. crenata^ and indeed is only distinguished by the 
presence of a pair of tubercles on each ring of the axis and on each 
pleura. Several of the British specimens show tubercles upon the 
axis and pleura. The presence or absence of these tubercles is 
probably not a character of sjKJcific value, and depends, in part 
at least, upon whether the actual test of the animal is preserved. 

^J'he specimens of A. crenata in the Kiksmuseura at Stockholm 
show^ both forms of tail. Loven's figure belongs to the narrow-tailed 
variety. 

Acidaspis qpinquespinosa, Salter MS. (PI. VII. figs. 3 k 4.) 

1840. OdontopJeura Briffhfii, Hfyrich, * Unters. iib. Tril.’ p. 20, ])1. iii. fip. 6. 

1854. Aridagjfis iiuimjucnpinonuB, Flotclier & Salter, in Morris’s ‘ (’at ulogue of 
Brit. Foaaila,* 2n<l p. 99 ; 1873. Salter ‘ Cat. Cuiubr. & Sil. Fcmh.’ p. 134. 

Body broadly ovate. 

Head short, broad, nearly straight in front ; surface tuberculato. 
Glabella triangular, occujtying at the base about one-third the 
width of the head ; three jtairs of lateral lobes separated one from 
another by lateral furrows, but not cut off from the median pai 1 of 
the glabella. The facial suture, represented by a raised ridge, runs in 
a straight line from the anterior margin to the eye and thence in a 
sigmoid curve to the genol angle. K} es small, set somewhat behind 
the middle of the cheeks ; a straight ocular ridge runs from each 
to the anterior corner of the glabella. Fixed checks broad, the 
portion between the ocular ridge and the glabella tumid. Free 
cheeks with a raised margin, which bears a row of short sj)ines; 
produced at the genul angle into a short curved spine. Axial part 
of occipital ring broad, and bearing on its posterior margin five 
small spiues; the posterior margins of the cheeks each bear two 
spines, exclusive of that at the genal angle. 

The thorax consists of ten segments, and is broader than it is long. 
Axis very broad, more than one-third the total width. Pleura 
horizontal till near the margin, w’hen they are abruptly bent down- 
ward and then produced into short curved spines; the anterior 
pleura are at right angles to the axial line, the ])08terior pleura 
slightly inclined backw^ard, and this is true, in a more marked 
degree, of the spines. Each pleura bears a prominent tuberculate 
ridge. 

Tail short, broad, forming a segment of a circle ; it bears one 
curved ridge on each side, which is produced to form a short 
primary spine. Outside each primary spine are two secondaries ; 
and between the primaries are four secondaries. Margin of tail 
raised. 

Horizon and Locality, — TVenlock Limestone : Dudley. 

It is on the authority of specimens in the Woodwardian 
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Huseum, referred to in Salterns * Catalogue/ that the name is 
applied to the species here described. 

Acidaspis Barrafdki, Fletcher & Salter, nan Angelin. (PI. Till, 
figs. 1-3.) 

1848. Aeuiitavis bispinosui^ Salter, Mem. Oeol. Surv, vol. ii. pt. i. pi. ix. fig. 4 
(only). 

1863. Acidaitpis Barramiii, Fletcher (dixit Salter), Mem. Oeol. Surv. dec. vii. 
p. 0, pi. vi. ; 18W. Fletcher & Salter, in MorrisV * i'ntalofnie of Urit. Fuadila/ 2ud ed. 
p. 98 ; 1859. Murchiiton, ‘Siluria,* 3rd i'd. p. 2(U, Fo«s. tH. tijr. 9. 

(ienerol form quadrate, nearly as wide behind os in front 

Head quadrate, widest in front, tuborculate. Axal furrows almost 
obsolete ; median portion of glabella swollen, narrows slightly 
towards the front ; two pairs of lateral furrows deeply impressed ; 
lateral lobes very indistinctly separated from the chocks. Facial 
suture invisibh*. ¥a o small, prominent, set in the middle of the 
cheeks ; ocular ridge straight. Fixed cheeks large and tumid. The 
free cheeks widen out towards the front, with a broad iuhcrculato 
raised margin }u*aring a row of short. B])ine8. Moderately long 
slender sjunes at the genal angles, hut those do not appear to spring 
from the margin. The axal j»Mrt of the occipital ring is produced 
into a pair of sjdnes directed backward and outward. 

The thorax consists of ten segments. Axis wide ; each segment 
bears two prominent tubercles. Pleura? broad, fiat, tuborculate ; 
at a distance from the axis about o<|Uiil to the width of the axis, all 
but the last are abruptly bent downward and produced into a short 
ornamented spine (very rarely visible); and from the angle of the 
bend long horizontal spines are given off. The horizontal sjiines 
are arranged in a radiate fa.shiori, those from th<? anterior segments 
being directed slightly forward, and those; from the posterior 
segments backward. I'he last segment diffirs from these, and 
boars two ornamented horizontal spines on each side. 

Tail broad, tuliereulate ; axis ill-deliiiod. l*hc margin bears five 
longer spines, one being median, and from the front of the base of 
each lateral spine is given off a smaller oi*iiamen(od spine, thus 
making a total of nine. 

Horizon and Locality, — Wenlock Limestone ; Dudley, Callow 
Farm. 

Affinities, — A, Barrandei is closely allied to A. Verneuili^ Barr., 
and A, vegietdom^ Beyr., and in fact is chiefiy distinguished by the 
characters of its tail. A. vegiculi>m has five spines to its tail, 
A, Ffnu'wi/i seven, and A, Barramlei nine. 

A, hicugpig^ Ang., belongs to the same group. Only one specimen, 
which is now in the Itiksmuseum at Stockholm, ajipcars to have 
been found, and it is scarcely jierfect enough to allow of one's 
asserting with confidence whether it is a distinct species or not. 

Synonymy . — The head of this sjiecics was originally figured by 
Salter in 1848 under the name A, bispinoaus. In 1853 he corrected 
his mistake, and stated that the form had been named A, Barrandii 
by Fletcher, and would shortly be described. Since then this name 
has been in common use in England; but no description Beems 
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ever to have beeo published. UnfortuDately, in 1854, Angelin 
adopted the name A. Barrandei for a species quite distinct from 
this, and allied to A. crenata. As, however, Fletcher’s name had 
^ready been published and applied to a definite figure, it would 
appear to have priority. 

Acidabpis Hughesi, Salter MS. (PL VIII. figs. 4 & 5.) 

1873. Aeidaspu Huffkesiit Salter, ‘ Cat. Camhr. A Sil. Foss.’ p. 93. 

General form depressed, broadly ovat«. 

The head forms a transverse semi-oval. The glabella consists of a 
parallel -sided median portion and two lateral lobes on each side, 
completely cut off from the median jiortion ; the basal lobe is much 
the larger. The facial suture cuib the ])osterior margin just within 
the genal spine. Kyes small, set somewhat far back. Fixed cheeks 
narrow, tumid. Free cheek broad, granulate, provided with a raised 
margin bearing a row of spines, which become longer towards the 
genal angle; genal angle produced into a short weak spine directed 
backward and outward. The axis of the nock-segment bears two 
short spines, which are seldom visible. 

The thorax consists of nine segments, and is of nearly equal width 
throughout. Axis narrow, about one fourth the total width of the 
body, rieurao straight ; the greater part of each is occupied by a 
broad promineut ridge, which bears a row of some half-dozen 
tubercles ; on each side of this main ridge is a very narrow band, 
the anterior one being soraewdiat the broader, slightly raised and 
finely tuherculate. Both the central and the anterior ridges are 
produced into spines, those from the former being considerably the 
longer. These sinnes curve buokw’^urd and increase in length 
towards the posterior end of the body. 

Tail broad, granulate. The axis consists of two rings and a 
terminal knob, the second ring being often very indistinct. The 
margin btmrs a row of radiating spines, namely : — 2 larger spines 
connected with the axis by a rib ; 4 smaller ones betweeu these ; 
and 4, or perhaps o, outside each of the larger spines. 

Horizons and Lomlities, — In the Jermyn Street Museum there are 
speoiraeus of this sjiecies from Brow’nthwaite, Gale Garth, Castertou 
Low Fell, and Kavenstone Dale. The last three localities are referred 
to the Upper Cold well Beds by Mr. Marr,* who also records the species 
from the same beds at Helm Knot. In the Woodw’ardiau Museum 
there are specimens collected by Prof. Hughes from beds above the 
Naut Glyn Flags at Pont Lawnt in Denbighshire, which he believes 
to be on the same horizon as the beds of Castertou Low* Fell,“ 

The specimen on wBich Salter is stated to have founded the 
species was brought from Castertou Low Fell, and is now in the 
Woodwardian Museum. 

In the Jermyu Street Museum there is a specimen of Aridaspis 
which is stated to come from the Llaudeilo Flags near Peucerrig 

^ Geol. Mag. 1892. p. 638. 

* Proo. Chester Soa Kat. Soi. & Lit pi. iv. 1893, p. 154. 
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House, BuUf.h. So far as can be seen, and the specimen is nearly 
complete, it is indistinguishable from A. Ilu^hesi ; but it is difficult 
to believe that this 8j)ecie8 can occur so low down in the geolo^tical 
scale. Pencerrig lies close to the boundary between the Wonlock 
and Llandeilo Beds, and it is possible that the specimen muy have 
been obtained from the former. 

Acidabpis erinackus, Marr & Nicholson. 

1S88. AcitUtgpis eritKiceuat^ Murr A NichotHon, Quart. Jouni. Geol. Soc. rol. xliv. 
p. 723, pi. xvi. tijrs. 11 A l‘J. 

This species having been recently figured and described, the only 
point t-o which it is necessary to call attenfiiui here is that the 
original of Messrs. M?;rr anti Nicholst>n*s tig. 11 shttws, somewhat 
indistinctly, the frontal border in front of tlie glabella. The free 
cheeks are lost in the speeiintms, and ln‘ni*e the form of the head, 
with the glabella apparently ])rojeeting in front, seems abnormal 
in the figure. 

The species is cornimred by Marr and Nicholson with A, centnna, 
Dalm., from the same horizon in Sweden. 

lltt^rizov (tnd l.ocalitii. — Llandttvery Ih'ds : in the AcidaMjyis 
erinacetut-zonv of the Situkdale Shales at Torver Heck. 

Acnusi’is cAi.LirAiictis, Wyv. Thomson. 

1H67. At*id<nt}>in fitH iftnrt tiB, Wvv. Thoiumm, OihjI. Si>r. voI. xiti. 

p. 208, pi. vi. tigH. 11, 12 ; 1H78. NifholHoii tV KlluTulgt-, * Mon. Sil. Ko)*m. Girvan,’ 
p, 125. 

Only the head is described by WyTille Thomson ; and it is 
believed by Nicbobon and Ktberidge to be probaldy tln^ head of 
A. hifstrir. The two, however, are stated to have been found on 
different horiz.ons. M'yville Tliomson cunsiderK A, calUptirrus to be 
very closely allied to A. pectinnUi, Ang. 

Horizon and Ltjcnlitp, — A<-C(»r(iing to Wyville Thomson, the 
specimens were found in the Mullock Hill Saiidslonc near Girvau. 
This is of Llandovery age. 

Two other species, to which Fletcher and Salter * gave the names 
of Acidfispis Hama and A. dumetomnf^ are statwl to occur in the 
‘ Up|)er Silurian ’ at Iludley. No description of tln^ra )»a» been 
published ; and I have been unable to find, in the various collections 
arranged by Salter, any specimens ascribed to A. dnmftosun. In 
the Jermyn Street Museum several fragments from various horizons 
are referred to A. f)ama^ but they are not sufficient to afford a 
sound basis for the description of the speci(»H. The specimens from 
the Wenlock Shale sh(»w a pair of spines springing from the neck- 
segment, and are clearly distinct from any of the forms here 
described. 

* Morris, ‘ Catalogue of Brit. FomiIs/ 2nd ed. (1854) p. 99. 
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III. COMPARIflOK WITH THE SwEDlSH AKD BoHEMlAN FaHKAB.* 

If we compare the British Silurian species of Acidagpis with 
those from the same hedfl in Bohemia and Sweden, we arrive at 
some intorcstinp results. The followins? table includes all the 
species which have yet been described from the Silurian of Sweden * 
and Britain, and also those from B^dieniia which are nearly allied 
to any of the Swedish or British forms. There are, however, 
numerous Bohemian species besides these. 

In the table the species which are closely allied to each other are 
])laccd upon the same horizontal line, so us to show the amount of 
resemblance between the throe faunas : — 

Swehen. Bkitaix. Bohemia. 


j 4 . hintjtpui* 

A. errnafa ; A. llarran- 
dri, Anjr. 

A. raronatai = A. Mark- 
Ihn). 

A. rrtdrina. 

A. pectinata. 


A. corn uf a A 


A. Itriphfi. 

A. liarrnjidei, F. & S. 
A. ermata. 

A. coronafa.\ 

A. rr 171 arms. 

A. raf/ipirrcos.f 

A. < 

A. i 

A. 


A. Gra//i.f 
A. vesiculosa, etc. 


Xutnerous other speciei. 


* Only a siiitrh' frajimenl of A. hicuspis appears to ham been discovered, 

t I have had no op^iortunity of exaiuinin;; these s|R*oies. 

I A. coronal a occurs in (lenicmy. but only in tlie boulders of the Glacial 
do)K)du. and these liiivt* probihly come from SwiKlen. 

§ Tlie s}>tM’itnen of A. qninqnrspinosa descrilvd by Beyrich under the name 
A. Brightii came, not from Bohemia, but from Ludlow. 

So far, tluMi, as this comparison goes, two species from the 
British Silurian are represented by closely allied forms in Bohemia, 
and five in Sweden. There is but one Swedish species represented 
in Bohemia, of which only a single specimen is known ; and, on 
the other hand, there is only one which is not represented in Britain. 
Tiastly, there are more species of Acidnspis in the Silurian of 
Bohemia than in the Silurian of Sweden and Britain ])ut together. 

These results are suggestive, but they are no more. Until a 
larger number of species has been examined, it would be rash to draw 

' I have to thank Prof. Lindstriim for permission to examine the magnificent 
series of irilobites in the Riksmuseum at Stoi'kbolm, aud for much kind aseist- 
apoe during mv stay in that city. 

• See Prof. LindstKinfs * List* of the Fossil Faunas of Sweden,’ edited by the 
Palmontoloffioal Department of the Swedish State Museum (Natural History), 
pta. i. & ii. ckookholm, 18BS. The two species A. ccfUrina and A. eomufa from 
the iipp^r * Braohiopod Schists' are included, sinoe those beds seem to oontain a 
certain number of Llandovery forms. 
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any conclusions. So far, howerer, as the genus Atida$pi» is con- 
cerned, it appears that the British Silurian fauna is intermediate 
between those of Sweden and Bohemia, but more oloscly allied to 
the former. 


EXPLANATION OK PLATKS VII. & VIII. 

Pl.ATK VII. 

Figs. 1 A 2. ArUla’tpi.s rrrtiafa, Ktiim . sn. W'tniltn'k Ileds, Budloy. British 
MuHouin (Nal. Hist.). 1. Broau-niilotl lonn, X 2. 2. Narrow-tailed 

furiii, X 2. 

3 ik 4. .4. tfuinqnesphwm, 3. Kiitire n)HM‘iiiien. deprived of its test, 

Weiilofk Ijime.Htone. \Vr»Mi*s Nt'st. Dudley. Itrit, Mils. Nrit, size. 
4. Head, witli ])reHervtMl. WVnloek Liinet«tiiiio, Dudley. Fletohor 
(\dleetiun, W^xlwardian Musetnii. x 24 . 

Fig. o. A. Jiriqhti, Mureli. Head. Woiilock ljiiiio.<*toiie, Dudley. Fletcher 
(’oil., \Vo<hIw'. Mus. X 14 . 

tl. A. cort>mttit. Salt. VVeiiluck Liniostorie, Dmlli*y. MuHeuin of Priictical 
(hvdogy. .lerriiyn StriM’t. X 2. 

7. A. d'jlfxa, t«|). nor. Wenliick .Shale, Dudley. Hrit. Miia. X 2. 

P 1 .ATK VIII. 

FigM. 1 3. A'Uil^iApift Ihrr/tnfh'i. Fleteli. A .Salt. Wenloek Limestone, Dudley. 
Fl«'telier Ooli.. Woodw. Mus. I. 'I'b' most complete H(H*i*imen known ; 
anterior and jHisterior m*gtiiertt.H partially eon(*ealiMl. Nat. hizo. 
2. S|Mvirnen sliowing internal view, with all the thoracic seirimmU 
displayi'd. .Nat, size. .3. IfetMl. showing oiMMpital spines. X 1^. 

4, .0 'lli((jhffii. Salt. 4. .Salter's type. Oaslerton Low Fell. VVooflw. 
Mu.s. X 2. o. S. of Gale (htrth, U tatornm. Mua. Pract. Geol. X 2, 

DlftCUMHlON, 

The pREsriiENT said that the Author was iMirsuinp the only safo 
method jio.ssihle at tht? pre.Hcnt day when working at any special 
group, namely, to vi.sit the Miirtcunis and localitii« abroad where 
such 8|K^cimcns are to be studied. Mr. Lake had already visitfal 
Sweden, and hoi»od to study the trilobites of Boh(*miu. Jlis work 
would be very welcome to all pabeonDilogi.sts. 

Mr. Marp. remarkt^d that the Bohemian beds lying between iho 
Ordovician and Devonian were nf>t very rich in trilobites, except 
those of Upjier Ludlow age. He askt^l whether Aculanfutt erinaenis 
was closely relatAjd to A. centrinn^ and whether iIkj latter was 
considered identical with A. granulata. He was ghul to find that 
A, Ilughrfi was at last deHcrilx?d. Two entirely different Hptados, 
one Silurian and one Devonian, had been named A. Ifnghesi^ with the 
result that in future fossil lists A. Ilnyhesi will probably be recorded 
as a form passing from Silurian to Devonian. 

The Author replied that AcidoJtpit grannlafn, Ang., was gene- 
rally looked upon by Swedish paleontologists as a synonym of 
A. eentrinay Dalm. 
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12. On the STRircTimE of the Plesiosattbian Skull. By Charles W. 
Ahubews, Esq., B.Sc., F.G.8. (Read February 26th, 1896.) 

[Plate IX.] 

The structure of the skull of the Liassic Plesiosauria has been 
discussed by many writers, but the various accounts that have been 
given of it are incomplete, and often differ one from the other in 
important particulars, doubtless owing to the fact that in most 
cases the specimens examined are much crushed, and are embedded 
ih the matrix, so that only one aspect is visible. In the National 
Collection there is, however, a fine skull of Plesiosaurus macro- 
cefthalus, which has lately been almost completely cleared from the 
ihatrix, so that it exhibits both the upper and under surfaces ; this 
specimen, though it has been subjected to a slight vertical com- 
pression wliich has caused some fractures and dislocations, gives a 
fairly clear idea of the general arrangement of the constituent bones, 
atjd, since it throws light on some obscure points, seemed worthy 
of the following brief notice. Certain other specimens, which are 
of assistance in some difficulties, wdll also be referred to. 

In 18Ji8 Owen ‘ figured and described the upper and lateral regions 
of the skull of macrocephalus^ and in 1881 Sollas* described under 
the name P, hrachifcejthalus some portions of the bead of a spc^cimen 
probably referable to the same species. Neither of these writers 
had an opjmrt-unity of examining tlie palate, and it is this region, 
therefore, that is more particularly considered here ; while, in the 
structure of the rest of the skull, only such jioints are noticed as 
seem to add to, or to be at vuriaiice with, the descriptions already 
published. 

The specimen (PI. IX.) under consideration is from the Lias of 
Lyme Regis, and was referred to Plesiosaurus macrocejthalus by 
Mr. Lydckker.* The occi]»ital surface is still somewhat obscured by 
adherent matrix, and has the anterior cersdcal vertebra? attached to 
it, although the atlas has been dislocated from iU articulation with 
the occipital condyle. 

The bones of the palate (PI. IX. fig. 1), though somewhat dis- 
placed from their natural jiositions, are, with the exception of the 
transverse bone, fairly well preserved and distinct, so that their 
form and relations can easily be made out. 

The basioccipital {h.oc.) bears the whole of the nearly hemi- 
spherical occipital condyle, and carries on either side a stout, 
outwardly- directed tuberosity, the truncated end of which looks 
outward. In the Plesiosauria the whole of these tuberosities 
is formed by the basioccipital, but in most reptiles the basisphenoid 
enters into their oom|>o8ition. 

* Trans. Geol. Soc. ser. 2, vol. t. pt, iii. (1840) pi. xlv. 

* Quart. Journ. Geol. Soc. vol. xxxvii. (1881) pf. xxiv. fig. 1. 

* Cat. Fom. Bept. Brit. Mus. pt. ii. (1889) p. 268, no. 49202. 
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The palatal surface of the basisphenoid (6.^;)^.) rises abruptly 
from the basioccipital ; it is slightly concave from side to side, 
and is sharply separated from the lateral surfaces, which make an 
angle of from 100° to 120° with it. The posterior portion of these 
lateral surfaces forms a facet, looking outward and downward, with 
which the pterygoid articulates. The basisphenoid seems to have 
been overlapjKjd by a parasphenoid but the hinder border 

of that bone is indistinguishable; anteriorly it expands into u thin, 
spearhead* shaped ])late, the outer angles of which in the present 
s|H^cimen overlap the ventral surface? of the pterygoids, and with 
them limit the posterior palatine foruinina ( wdiicli 

open between tlio futsU entnii and the pterygoids, as in PAonemies^ 
In this latter, however, the parasphenoid is slightly overlapped on 
it« ventral surface by the pterygoids ; this difl'erence in the relative 
position of the hont's in the two genera may he due to displacement 
in the present specimen. 

The pterygoids (;>/.) are triradiate hones, like those of /V/o- 
neuMef^ hut differ from ihcm in not meeting in tlu? median lino 
over the basisphenoid, and remaining scjKiruted by tlie whole palatal 
width of that bone. Ante riorly they have hetm disloc-ated from their 
junctions with one another and the surrouiifling hones, hut there 
can lie no doubt that in their natural ]>o.siti(Mi they iue(- anteriorly 
afid, together with the parasphenoid, closed the ])alate in the middle 
line. 

Their anterior rami are thin triangular ]»lates, the apices of which 
meet the vomers, while their inner borders form a median suturo 
with one another in front, and are overlapiu'd by tlu? panuphenoid 
Wdiind. In the uncrushed skull their outer edges united with iho 
palatines. 

The lateral rami nin outward opposite the anterior end of the 
posterior palatine fornmina; their outer (‘iids an? much ihicktuual 
ufid in the present sjK*ciraen have been partly broken away, in the 
skull of P. (loUchodrirug noticed below ( tig. 1, j>. 2 IS), the (Miter ends 
of these lateral rami are joined to the maxillary region by a transverse 
bone (/r#.), and the same is the case in PAaneuMtrft and Plioxannui, 

In front the posterior rumi are narrow bars of bone forming the 
ouU*r border of the posterior palatine foramina. ]i(;hind these 
ojMmings they widen a little, and bc^ar on their inner Hid(! facets foi 
articulation with the corresponding surfaces on the sides of the 
basisphenoid. Tosteriorly they run outward and ba(;kward os 
thin vertical plates to the quadrates, which do not ap]>(?ar to mnid 
forward to meet them plaU?H of bone such a.H are seen in SfJienoflon, 

The colunulla cranii ( PI. IX. fig. 4, col.) or epi i»te rygoid is well 

* In thii pa[>er, as well as in that on the skull of (Ann. Mag. 

Xat. Hist. ser. h, vol. xvi. ISit'j, p. 242). the term ‘ |Kist-p:dtttirie foramen ' is used 
in a different sense from tliiit in which it is leaiielimeK employed ^for (nuiniple, by 
E. T. Newton in his pap^-rs on the Rcpti!ia of the Kl^in KanrUtones), end it 
applied to the pair of fomruina which result from the division of the median 
interpterygoid foramen by the basisphenoid and parasphenoid. Newton employs 
the term for the aperture which lies in front of the transpalaline, and it here 
called the ‘ tuborbiial foramen.’ 
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shown in this specimen. It rises from the tipper surface of the 
pterygoids about opposite their junction with the basisphenoid ; 
its base of attachment is very long from before backward, so that 
it extends for a considerable distance along the upper edge of the 
quadrate process of the pterj’goid. In its middle portion it con- 
tracts in width, and is an elongate oval in section. On both sides 
of the skull the upper portion of this bone has unfortunately been 
broken away, so that the junction with the parietals is not clear, 
but it evidently joined their lower edge at about their middle point. 

The palatines (^pah) are elongated plates of bone, of which the 
anterior edges form the hinder margin of the nares ; on the inner 
side they unite in front with 

the vomers, and behind with Fig. 1 . — Palatal mrface of the Shull 
the pterygoids, while on the 
outer they join the maxillae. 

In the present specimen the 
relations of the hinder border 
of the palatine are not clear, 
though it is evident that in- 
ternally it joined the lateral 
ramus of the pteiygoids ; 
but in a skull of P, dolicho- 
deiruB (li.M. Coll. 41101) 
it can bo seen (fig. 1 ) that 
externally the hinder border 
of the palatine joined the 
transpalatine for u short 
distance, and was then 
separated from it by a 
small suborbital foramen 
{8uh-orh,var,) which appears 
to be closed on its outer 
side by the maxilla. Mr. 

Lydekker ‘ first called atten- 
tion to these foramina in this 
specimen (fig. 1 ), in which 
also he first observed the fact 
that the pterygoids extend 
forward to meet the vomers. 

The vomers (vom,) are 
not well preserved ; they 
are long narrow bones which 
unite, and perhaps onchylose, 
in the middle line. Posteriorly they join the pterygoids, and in 
front of these, the palatines. About the middle of their length 
they form the division between the internal nares, and anterior 
to these apertures they run forward between the maxillce and pre- 
maxillm. 

^ Cat. Foas. Kept. Brit. Mus. pt ii. (1889) p. 257, no. 41101« 


of Plesiosaurus dolichodeirus. 
{^Ahout I natural size,) 
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The lower surface of the maxillae and premaxillae is largely 
concealed by the mandible, which is tightly closed upon thorn. The 
inner border of the palatal plate of tho maxilla is, however, visible 
for some distance both in front of and behind the internal nares, the 
outer border of which it forms. In its anterior region there are 
one or two pits which probably mark the points of eruption of 
successioiijil teeth. The palaUl portion of the premaxillaj is almost 
comph'tely concealed by the symphysial region of tho mandible ; 
but the anterior ends of tho vomers appear run forward some 
distance between these bones: in the iibovi^-meiitioned skull of 
F, dohvhodtit'tm this Ls'cortainly the ease (tig. 1, p. 24?'), 

The general struct ure of the ITosiosauriau palate is shown diu- 
grammuticully in tig. 2 (j>. 201 ). 

The structure of the temporal arcade (IT. IX, fig. 3) is, in 
all essential respeets, similar to that in JUfstonaurm hrachtjcephaUis 
(figure(i by Sollas),* I*, dit/irhodrirus^ and /*. Hawhlnsi (tigurod by 
Owen),^ and aU<» to that of ^ : the only imj>orLunt (lifi’erenco 

being that in the present species the postorbital semis baek a long thin 
strip along the an t<*rior ramus of the H(|uam«)sal nearly to its origin. 
The supra-jugal which Sdlas observed in hravhtfcepfutln.^ eauiiot 
he detected, hut, if 1 undcrstaml the description o| tliat hone (it is m»t 
figured), it eorr«*sponds to the lower portion (»f tlie postorhital. Tho 
thill posterior extension of tlie maxilla along the lower (Mlg(* of the 
jugal is concealed by the mandible, the pressure of which has driven 
it inw’ards. 

The wall of hone d(!8crihed by Sollas, which separates the orbit 
from the temporal fossa, is well show'ii in this .spci imern It appears 
to he maiiilv formed by the postfrontal and postorhital, each of 
wldch thus eonhi>ts of an external facial and an intiTiml postorhital 
portion, which meet in the angle lorrning tho antiTior rim of tho 
temporal fossa. 1 cannot make out what sliare in tin* formation of 
this jiost orbital wall is taken by tho jugal; accoiding to Solias it is 
an important one. 

The upper ramus of the triradiute ‘scjuamosal ’ is in this specinieu 
indistinguishahly fused with tho reimiindor of that hone ; hut in the 
younger skull described )>y Owen it is separated by a distinct suture, 
which is figured by him.* He calls this ujiper j»ortion the ‘ mastoid,* 
W'bile the remainder of the hone, consisting of the inferior ami 
anterior rami, is designated tho ‘squamosal.’ It is clear that these 
two elements arc equivalent to the supru-temjioral and scjuumosal of 
li/.ards, accr^rding to tlie terminology of I'arker Ikjttany and 
many other writers, or to the squamosal and pnmqutimosaJ, according 
to liaur. Their arrangemont is similar to that occurring in tho 
Khynchocephalia, the fused elements of the older individuals having 
almost exactly the form and relations of the so-called ‘ m|uatnusal ’ 

’ Quart. Joum. Geol. Soc. vol. xzxTii. (1881 ; pi. xiir. flg. 2. 

* Tram. Geol. Soc. aer. 2, toI. v. pt. iii. (18411; pi. xlr. 

• Ann. Mag. Nut. lliat. aer. 6, vol. x\i. (18U5) p. 251, ftg. 2, 

^ Trant. Geol. hoc. acr. 2, voL ▼. pt. iii. (IS4U) pi. xlv. 
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of S^phenodori, Koken ‘ has expressed the same opinion as to the 
constitution of the ‘ squamosal * in the Nothosauria, In several 
Plesiosaurian skulls in the British Museum the suture between 
these elements is distinct. 

The quadrate (^.) is a long, stout bone ; posteriorly it is convex 
from side to side, anteriorly concave. It projects downward and 
backward, and the condo le for the mandible lies somewhat below 
the level of the alveolar border of the maxilla. On its outer side 
the inferior ramus of the squamcsal is closely adherent to it, and 
exfonds nearly down to the condyle. 

In Cimollomunig Cope has figured a small quadrato-jugal, and 
Koken ^ has recorded the probable occurrence of this bone in NoOio- 
sanrus ; it therefore seems possible that the Plesiosaurian quadrate 
may be a fusion of the (|iiadrat-e and quadrato-jugnl, a view which 
derives some support from the fact that the relations of the 
squamosal to the ‘ quadrate ’ are almost exactly similar to those 
existing between the squamosal and the cjuadrato-jugal in Sphenodon. 

The general structure of the upper surface of the skull is shown 
in PI. IX. fig. 2. It will he seen that between the anterior halves 
of the temporal fossm the parietals form a high, sharj) crest, but that 
])Osteriorly they widen out into a broad triangular plate, convex 
from side to side, which ajiparently roofs in the brain-ciiso. The 
outer angles of this plate are overla])pcd by the U]>y»er rami of the 
s(|uamosal8, these forming the hinder border of the temporal fossm. 
In front, opposite the anterior end of those fossae, the parietals en- 
close the pineal foramen, which does not extend into the frontals, 
and laterally they widen out and take part in the formation of the 
postorhital wall. There is clearly a distinct post-temporal fossa, 
closed above by the lat/cral process of the parietal and the upper 
ramus of the s(]uamosal. The frontnls extend much fart her forw’ard 
than in Pelonei(steh\ and 8C])arate the external nares. I cun find no 
clear evidence of the existence of distinct nasals and lachrymals. 

Comparison of the palatal portion of this skull with that of PeJo^ 
7intstes shows that the cliicf difference between them is that in the 
latter the pterygoids, instead of merely articulating with the sides 
of the hasisphenoid, overlap it, and form a median suture with one 
another on its ventral surface. In J\donengffs, also, the form of the 
parasphenoid is different, and it is very uncertain whether there is 
any suborbital vacuity. 

In j\ot7io8nuru8 the pteiy goids meet in the middle line from end 
to end, and there is no suborhital vacuity, so that the palate is 
completely closed ; this appears to be a more specialized condition 
than occurs in either PJegiosaurus or Peloneiistts, although both 
these genera are of a later date. 

' * Beitrage lur Kentniss der Gattung Kothosauna,^ Zeit 4 whr. deutaoh. 
GeselWh. vol. xlv. (1893) p. .3(>3. 

‘On the Struotupe of the Skull in the Plesiosaurian Beptilia,' Proc. Amer. 
Phil. Soc. Philadelphia, vol. xxxiii. (18W) p. 1 10. 

* Op, tupra eit. 
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In Lariosaurus^ the palate is essentially similar to that of 
PlfnoMur^ts^ but here a^in the pterygoids completely shut in the 
basis cnmii. Tl)e suborbital vacuity is very lai^ge, and the pterygoids 
hear teeth, both probably primitive characters. The palate of 
^'easticosaums is doubtless similarly constructed, but the suborbital 
vacuities are still larger. 

In Pistosaunis the pterygoids appear to leave the basis cranii 
exposed for some distance, and in this respect the palate in this 
genus is more I'lesiosau- 
rian in form than is 
that of any other Triassic 
Sauropterygian. 

Among rej)tile8 other 
than the Sauropterygia 
the palate most similar to 
that under consideration 
is found in ^jJtenodori. 

In this reptile the form 
and the relations of the 
bones of the palate to one 
another and to the intertial 
nares are almost identical 
with those above de- 
scribed. The only differ- 
ence of imyiortance is that 
the ptery’goids, instead of 
articulating directly with 
the sides of the hasisjjhe- 
noid, are home off from it 
by downwardly - directed 
basi -pterygoid, processes, 
so that they come to lie at 
a lower level than the 
basis cranii. The conse- 
quence of this arrangement is that the j>arasj>b(moid, here very 
small, does not run forward between them dividing the in ter pterygoid 
vacuity into two post-f)alatin«i foramina. 

Too much imf>ortancc must not ho attached to the similarity 
existing lietwecnthe palates of these two forms, since the llhyncho- 
cephaliari type of palatal structure occurs in a more or less moditied 
form in many widely divergent reptilian grouym, and [)rohahly there- 
fore approaches the primitive type of structure common to the 
ancestors of those various groups. For instance, the fehthyoHaurian 
palate, except that the lateral wing of the j»terygoid is reduced, and 
the transverse liono consequently absent, is very like that ot fiphen- 
odon. Again, among the Anomodonts, I*roc>doyhon is, so far aa 
the palate is concerned, Khynchocephalian ; thtj presence of teeth 

' For my knowledge of the structure of the palate in this genus I am indebted 
to Mr. Boulenger, who kindly allowed me to see a proof of bis furthcoming 
paper on the sMieton of Lariosemnu balsam. 


Fig. 2. — Piuijranimatic Jbjure of the 
Plrsvtsa Hrian juitute. 
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on its pterygoids and Tomers is probably a primitive character 
derived from its Labyrinthodont ancestors ; the palate of Parties 
•awrus is similar. 

In the Theriodonts a short secondary hard palate is developed, 
carrying back the 0 {>ening of the internal nares ; but in some speci- 
mens (for example, the skull of Galtsaurus planiceps^ B.M. R. 511) 
the relations of the bones constituting the primitive palate are 
S'jthenodon-liVe, the pterygoids extending forward to meet the 
vomers, and their lateral rami bearing a downwardly-directed 
proa^ss (ectopter}’goid) which lies against the inner side of the 
closed mandible, and is no doubt partly formed by a transpalatine 
clement. There seems to be no suborbital vacuity. 

The palatal structures of the Chelonia, regarded as modifications 
of the same type, are easily comprehensible, and the same is the 
case with the Lacertilia. In the highly sj>ecializcd palate of the 
Crooodilia, the resemblance to the primitive form is masked by the 
secondary hard palate formed by the palatines and pterygoids : but if 
this iHi disregarded, the same type of struct ure may be traced here also. 

Enough has beeu said to show that among reptiles a certain 
similarity of palatal structure does not necessarily imply any close 
•relationship, but the very groat resemblances existing between the 
IMesiosuurian and Rhynchocephulian palates, reinforced by the 
numerous other ]K)int8 of likeness in other portions of their skeletons 
pointed out by llaur, lead to the conclusion that the Sauropterygia, 
notwithstanding their single temporal arcade and thecodont denti- 
tion, are descended from a primitive Rhynchocej)baliau reptile. This 
opinion has already been tixpressed by several writers, notably by 
Baur * and Boulenger.’* 


EXPLANATION OF PLATE IX. 


Skull of PUsiomuntf macrocephalus, Buokland. 

Fig. 1. From below. 

2. From ubtive, 
y. From the Hide. 

4. Tcmpoml fotwa seen obliquely from the side, showing the relations of 
the vvlumrlUi, 


angular. ! 

h,oc.^ basioocipital. j 

b.»ph.^ basisplieiioid. | 

co//, columella crunii. 
ext.uar., exlernal uiires. 
iHi.fiar., interual nares, 

/r., frontal. 

.Wm jugal, 
mx., maxilla. 
orb., orbit 
pal., palatine. 
par., parietal. 


jya»., parasphenoid. 
pin. for., pineal foramen 
[misprinted pm.for.], 
pmx., premaxiiJa. 

p. orlt., post-orbitaL 

pre-frontal. 

? ? separate poet-frontal. 

pout. pal. wc., posterior paiatiuo 
vacuities. 

q. , quadrate. 

9q., squamoeaL 
vom,, Tomer. 


All the figures are about i natural site. 


* *On the Phylogenetic Arrangement of the Sauropsida,’ Joum. Horph. 
vol. i. p. 93. 

* Oat. Cheloniana, Rhynohoeephalians, and Emydoeauriana in the British 
Museum, p. 1. 
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sod 

Discussion* 

The pRKSiDKKT invited discussion. 

Prof. Howes, on behalf of morphologists, gave expression of 
gratitude to the Trustees and Stalf of the Biitish Husoum of 
Natural History for the work now' being accomjilished in their 
Geological Department. He reinarkwl that he hud beeti privileged 
to examine the Author s sjK'cimeiis, and that he fully confirmed 
his determinations. He could not accept the idea, to which reference 
had bt*en made, that Piirt'Hwaunis had a clos(*<l palate in the ordinary 
sense ; that is to say, the internal nasal ojwnings were not carried 
to the back of the j)alate by the union of the paluto-ptengoid bones 
as they are in the (Voeodilia. 

In concluding, he pointed out that the Authors determinations 
of the bony palate of the Sauroplerx^ia were in complete harmony 
with Mr. Lydekker’s of that of the lelilhxopterygia, utui with tho 
best -established facts of morj>hology ; and that, thanks to these 
gentlemen, we were now in a jKmiticui to definitely refer the 
‘ Knaliosauria ’ to an (»rigin among the lowest reptiles. 

Mr. 1 ^vnKKKEK and Dr. \Voonw\uii also spok<‘. 

The Acthoh expressed his thanks to tlie I'ellows, pnrticulnrly 
those who had H{K»ken, for the kind manner it) which tluy had 
received his paper. He also referred to his indchtednosH to Mr. Hall, 
one of the ‘masons’ at the Natural History Musenin, for the 
skilful way in which he hud cleared the speiiinen from its hard 
matrix. 
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13. On the Morte Slates, and Associated Beds, in North Devok 
and West Somerset. — Part I. By Henry Hicks, M.D., F.ll.S., 
P.G.S. (Road February ;3th, 189G.) 

[Plates X. & XL] 
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I. Introduction. 

Hitherto the Morte Slates have received but scant attention from 
geolo^isU, owing to tlio fact that in all text-books, and in geological 
ptipers on North l)ev(m, they have always bc^eii referred to as un- 
fossil itero us ; and all that was kiKuvn wit h regard to them up to thd 
year 1HS7 is well summarized in the following paragraph taken from 
the second edition of Mr. H. B. Woodward’s wtdl-known work, ‘ The 
(ieology of England and Wales,’ p. 127 : — ‘ This division, termed the 
Morte. Slates by the Rev. D. Williams, derives its name from Morte 
Point , on the north-west coast of Devon. The term Mortehoe (iroup, 
from the village of that name, was used by John Phillijis. The Morte 
Slates, or *• grey slates,” comprise pale greenish-grey and silvery’ 
grey glossy slates, much veined with quartz, and having a thickness 
estimated at from SoOO to 4000 feet. No fossils have been found ; 
nor have any limestone-bands been recogni/ed in them. The beds 
rest on the Ilfracombe Beds at Lee Bay, and the subdivisions which 
can be traced are noted by Mr. Etheridge (in ascending order) as 
the I^ee, Rockham Bay, and Morthoe Beds. The Morte Slates pass 
downwards into the Ilfracombe Bt*ds, and in Mr. Ussher’s opinion 
they are simply an upper unfo.ssiliferous portion of this lower 
division, since it is impossible to fi.x any definite boundary between 
them. Simoiisbath is situated in the valley of the Baric, between 
the Ilfracombe and Morte Beds, Etist wards they extend to near 
Wiveliscombe, where they are exposed at the Oakham pton Slate 
quarry, north of that town. The hlaty beds of Hestercombe, north 
of Taunton, are probably on the horizon of the Morte Slates. The 
valuable spathose iron-ore of the Brondon Hills occurs in these 
beds,’ 
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On November 26th, 1890, I read a paper before this Society 
‘ On the Hocks of North Devon,’ in which I stated that durinj? a 
recent visit to North Devon not only had 1 found that the Morte 
Slates were fossiliferous, but that 1 had come to the conclusion that 
they were the oldest rooks in the area, and that they had, as the 
result of movements in the earth's crust, been brought to the 
surface and thrust over much newer rocks, producing a deceptive 
appearance of overlung the latter c<mfonuabiy. 

As my views r(*gariling the succession were strongly cont roverted 
at the time, the paper was withdrawn, and 1 decided to rc-cxamino 
the area, and to carry my researches into other district-s which 1 
had not previously had an opportunity of visiting. As this has 
necessitated the spending of several weeks each year, since the paper 
was read, (*ither in North Devon or West Somerset, much additional 
evidence hearing on the succession has been obtained ; hut in this 
that relating mainly to the ])osition and ag(? of the Morte Slatea will 
be referred to. 

The beds included under the term ‘Morte Slates ’ are for the most 
part much folded and highly cleaved, and the fossils arc in con- 
sequence fr(‘quently much distorted and in a had state of preservation. 
A considerable amount of labour and time has tluTcfore had to ho 
expended on these rocks to obtain any tiling like a satisfactory 
fauna. Tlio results on the wlnde, however (whim it is romernhered 
that up to iSbd these beds were always rcferrtMl to as unfossili- 
ferous), must he considered as highly important, since wo an? now 
able by the aid of the fossils to deline the ago of a very con- 
Biderahle portion, if not of the wlnde, of these IhxIh. That they 
must necessarily furnish the clue by which the succosHion in North 
Devon is to be unravelled will, 1 think, he generally admitted. 
Therefore, if their gc<dogicul horizon can he settled the main 
difficulties W'hich have so huig surrounded the ‘ Jlevoniaii question ’ 
in North Devon, and which have led to bo much controversy in the 
past, w’ill virtually disappear. 

In the geological maji given in Mr. Etheridge’s very important 
pajier published in this Journal in 1867, the MorU^ Slates are shown 
as extending continuously from Morto Point to near Wiveliscomlie, 
in West SomerBct, a distance of over 40 mihjs. That rocks which 
possess characters resembling in many ways the typical Morte Slates 
are to bo found all along this line there can he no doubt, hut it 
will be shown that, here and there, they vary much in appoaranco 
and belong to different geological horizons. The strike of the 
beds also changes, and is seldom quite parallel with the overlying 
strata. 

In my search for fossils in these rocks I have received invalualde 
assistance from my friends the Rev. G. F. Whidhome, M.A., F.G.B., 
and Mr. J. G. Hamling, F.G.B., of Harnstaple. I have also to 
express my indebtedness for special ussistarice with regard to some 
of the fossils from Mr. Bharman and Mr. Allen, of the Museum of 
Practical Geology ; Mr. Bather, of the British Museum (Natural 
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IQitory)^ Mr. F. Cowper Beed, of Cambridge ; Mr. J. HopkinsoB, 
and Prof. C. Lapworth.‘ 


* [A complete rfymmd of the litemture of the North Deron rocks up to the 
year 1867 has been given by Mr. Etheridge in his paper already referred to. 
Up to the year 1H6H the views put forward bj* Sedgwick, Murchison, Godwin- 
Austen, I)e la Berhe, and Phillips received general acceptance, but during that 
and subsequent years Prof. Jukes suggested modifications which tended towards 
a very difuTent interpretation. In his paper in the Quart. Journ. GeoL Soc. in 
1866, vol. ixii., he says at p. 321 : 'As 1 shall have to maintain that all the first 
geologists of the day. including Prof. Sedgwick, Sir R. I. Murchison, Mr. Weaver, 
Sir Ii. J)e la llecho, and Prof. Phillips, have misundersUiod the structure of the 
Cfumtry, let me hasten to avow my belief that nolxxly whose observations were 
CMmfinwl to Devon and Somerset could hate arrived at any other than their con- 
clusions. I fully admit that the rocks near Lynton iip|)e»ir to be the lowt»st, and 
that there ajijiears to be a regular ascending succession of r(K*k-grouj>M from 
Lynton to the latitude of Barnstaple. I am, however, compelled to dispute the 
reality of this apparent order (*f succession, and t<i supjvose tliat there is either a 
Cfmcealed anticlinal with an inversion to the north, or, what 1 believe to he 
much more probable, a concealed fault running nearly east and west through 
the centre of North J)evon, with a large downthrow to the north, and that the 
Lvnton UhIs are on the same general liorixon as those of Baggy Poiut and 
Marwo<Kl.' 

In 1867 Mr. Townshend M. Hall, whose researches have added so much to our 
knowledge of the North Devon rcH'ks and their fossil contents (Quart. Journ. 
Oeul. 8oc. vol. xxiii. p. 371), subdivides the North Devon series, in ascending 
order, as follows: -hundniid group. Lvuton tone, Murtii hoc beils, llfracomt^ 
group, Morihoe group, f WK/Zrcu-tone, iMlum beds- and s/iys : * From the Fore- 
land on the nortli to Barnstaple on the south the rocks have an almost uniform 
dip to the south, usually at a high angle, presenting to all ap|Marance an 
unbroken siiCHVssion.* 

Mr. Pltheridge, in his paper of the same year (op. cit. vol. x\iii. p. 568), 
strongly controverts the views put hirward by Prof. ,luki*?i. and inaintains that 
the succession in North Devon is one unbroken and continuous series. Ha 
subdivides the rooks iu ascending order as follows (p. oHO) : — 


iKiwer f c. Lynton Sandstone. (Foreland Beds.) 
I)cvonian. 1 k Lyntou Slalei. 


M rt,n I Grils. 

TvJ nimn 1 i’alcnreous Slates (fossiliferous). (llfr.<MX>mbe Beds.) 
^ ‘If. Grey itnfossilifenmt slates. (Morte Slates.) 


//■ 


Vppor 

Dcvoiiutn. 


1 


u-. 


Pickwell Down Sandstones. 
Baggv and Marwoval SlaU^s, etc. 
Croydon [Croyde] Beds. 
Braunton Be<ls 
Pilton and Barnstaple Beds. 


He further says at p. 6m : * After very careful investi^tion into the physical 
structure of North iVvon, as well as a critical examination of the organic 
remains contained in its diversified riwk-masses. I can come to no other 
omiolusion Utsii that the series of wndstones, slates, and limestones ranging 
fhiro the Foreland and Lynton on the north to Pilton and BamsUple on the 
south are one great and well-defined system, and equally well divisible into 
three groups, a Lower, Middle, and Coper Devonian senes, each equally well 
oliaraoterim by a fauna, the itxihvgical facies of which are suificienuy disunei 
to determine them one from the oilier.* 

The following apprsuw to be the final arrangement suggested by Prof. Jukes ; 
it ooeurs in a reed before the Royal Geological hooiety of IreUod in 
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II, MoRTHOB AlTD WOOLACOXBI TO BtTTADOV. 

The beds are well exposed at Moite Point and in the cliffs of 
Kockham Bay on the northern side, and lietweoa the Point and 
AVoolacombe on the southern side. At the Point the bods are nearly 
vertical, beinf? folded so acutely that the bedding, owing to the 
cleavage, is with difficulty made out. I; nder Mori hoe, however, there 
arc some well-marked folds, and the strike is shown to Ik^ from almut 
AV.S.W, to E.N.K. The folds are hert% as in most places along this 


Novetn>wr 1%7, and in given in replv to tho pnpora in the Quart. Journ* 
Oeol. 8 <h\ of tiiiit venr by Mr. Townabend Hall atid Mr, I£tlirrtdgo« 


Soiitbprn Anm. 

5. Pilton atul Itnrn^tiAplc lleda. 

4. JlmunfOM Itcfla. 

Jl. Oiiv«lr Itwln. 

». Baggy atul MarnrocMl Slafe*. 

1. Piekwcll Down Sandutimo/i (rwl). 


Northern .Ares. 

I 5. Grey unfoMilifr^rtMijmliit^^. (Morti*,) 
4. (’ ilnri-om* Sluti'H. (Ilfracombe.) 

I rt llangnian Gritn. 

2 . Lyntori SlHt<Hi. 

' I. Lynton Sand mono (rcMl). 


Prof. Juk<^ l>lao»>ii tbo bwl*, as nam«»d by Mr. PMii*ridgo. in parallel columns, 
with tiie view of itiiowiiig that the groii|M in the one area are inondy a ro^iMjtion 
of tb(>*M* in tbo other. 

Since that lime the roek« have been inveotigatiwl bv Meniiro. Valpv, Hall, 
rbanipornowno. rfi«»bor, and others , but no iniportaitt cliat»u*' in the claosillca- 
lion suggeotod by Mr. Townsbond Hall and Mr. Ktlieridge has l><*en attempted 
by them. In n pa|>er on the ' History of the Olasiifb’at.ion and Notuenclaturo 
of the North Devon Rocks/ in the Trans. Devonsliin^ Assfnr. lK7‘d. p. I HU, 
Mt. Towntbend Hall says : ‘ Gn the whole, iw far as North Devon prf>|M<r is 
ooiicemMl. I lielieve the following claMittcation is the b«tit that oati be adopted 
for the Devonian btids; — 


rpper 

Devonian. 


Pilton Beds. 

(Uwullifa zom (Baggy Point, etc.). 
Pickwell Down Hamlstone. 


Middle I 

Devonian. | 

Tiower I 
Devonian. \ 


Morthoe Slates. 

Tlfracombe Slates and Limestones. 
Mart inhoe or Hangman Grita. 
liynbm Bods. 

Foreland Sandstones.* 


And at p. 19f), be says: — * It will be found that the North Devon Beds from 
Lynton to Pilton, though possessing a general dip Uj the south, ar<« folded into 
many anticlinals, reducing their apimrent thickness very consiilernbly. 1 know 
this to be the ease at mi many different places throughout the area that, until 
we have a rr^urrey on the six-inch scale, I fear it will be a hopeless task to 
attempt to map the exact boundaries of the subdivisions, or to estimate their 
real thickness.* 

In 8 ir H. De la Beebe's * Report on the Geology of Cornwall, Devon, and 
West Somerset,* i8<*J9, a section across the North Devon Itcds is given (flg. 1, 
pi. ill.) which shows several main folds , and Dr. Sorhy, in his well-known paper 
*On the Origin of Blaty Cleavage* (Hkliiib. New Phil. Journ. vol Iv. 
p. 137), and Mr. J. E. Marr. in his important paper *On some EtTeota of 
Pressure on tlie Devonian Sedimentarr Rocks of North Devon ’ (Geol. Mag. 

p. 21 H). have shown bow the rocits in plac^^s liave been greatly affected 
and minutely folded and broken by pressure. See also Jukes, Qiuirt. ^oiim. 
Oeol. 80 c. vol. xxii. (iHflff) p. 371 ; fchanipemowne, Oeol. Mag. 1878. p, 198; 
Chsmpemowne A Usher, i^rt. Joum. Oeol. 80 c. vol. xxxv. (1879) p. 6 ^ 
and liUcks, OeoL Mag. 1893, p. 3. — April 15th, T 
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coast, mnch broken, and the beds near the lines of fractures much 
aetimed with quartz-veins. All the beds are strongly cleaved, and 
the cleavage-planes are either vertical or with a slight inclination 
towards the south. There are, here and there, a few thin sandstone- 
bands, but the majority of the rocks are hard, cleaved slates, and 
flags of a greyish colour. Where the bard bands occur they are 
usually much broken by the cleavage, and the broken fragments 
frequently give to the rocks quite a nodular appearance. 

The slates dip])ing at a high angle can be traced as far south as 
the Lifeboat House, and also in the bed of the stream at the foot of 
Lhallacombc Hill, to a height of about HHj feet. Above this the 
ground rises ra])idly, and a quarry which has been opened for 
i)uilding-stone at a height of al>out feet, and distant from the 

hist ex]»osure of Morte ileds about feet, shows miissive purple, 

red, and grey grits and sandstones folded and much br(»ken. Those, 
and ail exposure close by on Potter's Hill, are the lowest of the 
I’ickwell l)o>vn Hods found on the coast, and as they are strongly 
ripple-marked they must have been deposited in shallow' water. 
Still, their broken condition would indicate a fault<‘d junction at 
this point. In the quarry one dip is to 8.S.E., another to S.S.W., 
and on Potter’s Hill to S.S.E. at 40^. The Pickwell Down 
Ikds extend in an easterly direction, and may be again examined 
in several quarries on the high ground between here and the 
Foxhunters Inn, on the road from Ilfracombe to Barnstaple, 
Opposite the inn, on the w'esteru side of the railway, there is a large 
quarry, whore very massive liods of sandstone are bent into gentle 
folds, and on the northern side crushed and broken as if near a fault. 

The Morte Slates are w’cll ex:|)osed in the niilway-cutting at 
Williiigcott Bridge, and also at Dean, which is about ^ mile 
north of the Eoxhunter’s Inn. At the latter place they dip 
northward at about 7U®, and differ somewhat in apjMMirunce from 
those exposed at Woolacombe, beciiuse a large numl>er of hard 
bands of a tine-graiiuxl sandstone arc interstratified with the 
Mates. In following the junction bt*twecn the Morte Slates and 
the Pickw’ell Down Bc»ds up to this point, 1 could come to no 
other ooiiclusion than that a fault separatixl them, and that as a 
consequence the same lieds were ver>' seldom in contact. Beyond 
West Dow’n, and at Bittadou, the indications of an important fault 
between the Morte Slates and the Pickwell Down Iteds are less 
markiM, and the latter dip to the south at as low' an angle as 15® 
near tlie inn at Bittadon. I searched carefully ati and about 
Bittadon for evidences of a pass^, but everywhere there appeared 
to be a sudden change from highly-cleaved slates, dipping at a 
high angle, to massive sandstone-b^ with a low dip. It is a 
marked characteristic of the Morte Series that they are mainly hard. 
Maty, and flaggy l>eds made from flne muds, and that the few sand* 
stone-beds are composed of well-rounded grains of quarts in an 
argillaceous matrix. When compared with the overlying rocks, the 
almost entire absence of mica is somewhat striking. 

The Pickwoli Down Beds which, in this area, immediately sneoeed 
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the Morte Sl.itcs, arc chamctcrizcd by contaiuin^r anpilar bits of 
slaU*, anf;;iilar and subanj^ular (jiiartz often stained of a red or 
chocolate rsolonr, and frefjuently a con.sidera}»Ie aiiMMint of a fresh- 
looking^ felsjiar. The sandstones and shales also contain an iinu‘>iial 
proportion of delrilal niiea. When it is rernenihered that these 
beds often \ield fossil wood, and are fre^juently ripjjle-marked, it 
heeoines clear that tliey were d<‘}»o*^it4(l under diftcrent eondili(Uis 
from tliose which prevailed when the majoiity of the Morte Slates 
wer(5 thrown down, and the evidence certainly j>oints to an 
inij»orlMnt physical change takin^C place at no ^n*cat distance about 
this time. 

I have not met with any contemporaneous i;:neous rocks in the 
Morte Series, hut tliere are a few intrusive d\kes. one (d* the 
most imjiortant hein^ the fckite at Jlittadon dcsirihed hy I’rof. 
|{(mney.' Others have been referr<‘d tu hy Mr. Kthcridge and 
Mr. Towiishend Hall in Morte Jtay, Iam* Ikiv, »‘tc. 

The .Morte Slates in this area yield traces of f(»s>ils in many 
plaecH, hut none sufficiently w« ll-preservial tor ideiitilieation, 
excepting in the clilf-seit ions at Morthoe and Woolaronihe. The 
lirst lossil lound hy me was a ///cye/u at Woolacoiuhe in 
hut since thiii several additional ^^nera have heeii discovered at 

I'ij;. 1 . — Stction fnun mar Morthi^i to WtniJiU'diubc, 

olKive 

CruiiUv licach 



Barrieane, and in the clitfs at a small creek Indween Ikirricnne and 
CTiinta I’l'iiit. They include a JihitttchoneUa, so like lih. Amcowi 
of the WeiiliH-k rocks that I have no doubt of its heim; the same 
BjH'oies ; a small .Sy»i/n>Vr with a very wide mesial fold and some- 
what roujrh ribs, unlike any Hritish sjH‘cies known to me : and 
Orth is ruit(ic<i, Modiolo^isis, encrinites, etc. 

* Geul. Mag. ISTj?, p. 
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At Mortf Pckint, in addition to soiiio lar^r AoiyaAf, llio slatrs w« iv 
found tt» ho oo VO rod with ininuto individuals ot iho sanio ^('uus, Init, 
lus thoir slruoturo was ootnjdotriy ohlitoralod. vory littio oould ho iua«lo 
tuit ot'thoiu. Jii t ho soction (ti*:. I ) I havo niarki'd tho |>osition.s ofthi' 
fossil zonos, ami thotnlds in iho naks whioli aro to ht* staai hotworii 
Morthoo an<l \\ oolaooinho. Iho saino hods havo douhtloss l»oon 
sovora! tiinoa To]>oat<‘<h hut in stuno of t ho hroktMi folds it is 
]»rohahh' that tln n' arc strata which lu ion^ ti> vcuy ditlonMit horizons. 
Moroovor. ihoro is a soim w liat niaikid difforonoo in s(Uuo ot th«.‘ 
doposits. 'Dio thuriry hoil.s w Inch al.-nc cnahlt' us to niako iMit th(‘ 
t»dds aro su« ct'cdoii hy lino-^n ainoii liark slato, and as tlic'si* aro 
h'lind at a hoiurht <d' about "kmi « t in tho lull ahovo IkirrioaiU', it 
is cloar that thr\ aloiio must attain to a thitkiuss ot sovoral 
hundrod foot. 

III. loHhuxM llv\, Ih i.i I*oiNi, Ia;i. I>vv, \m> Si.vni:. 

Near th(* <Tntro of Ih>i'khani lia\ thoro ks a \\ril inarkrd fold in 
V hu ll aro nouu’ hard, f^Mtty hainis, and o?i the rioitlu rn Hide dark 
t»luish-i;io\ >latt-, widt h ha\o _\n l»iotl stmu' vuiall Lin>in/,t^ hut no 
t»thor di>t ln;'nl^hahh' jo^^il". I’.iM w orn hero and Ihill lh»int thoro 
aro imiicaiioiis <»t another hrokm fold, ami at Ihdl 1‘oint tho dip 
Is N.N.W. in striped ;;ioy !laL';;y hods, widt h o\hi)>i( o\ti risivo 
shin} chuNod snitaces. Similar ia*okN in uell-maikod IoMn an* 
found oxtomlin;^ ah'iif' the coast tow'arfls Leo llax. In fl;u:s ol - 
laiin’d from a t|uarr\ nri I-'hiL’-stuf!' Hill, (»n lite south W'-stern snlo 
ot Leo |»a\, I obtained some Very larj^e Aoe/e/o. (In the I'aNtern 

sitle t.j tin- same hay ar«- rnio h < rnslnal si lU s with Im oid liko 
markings on the ‘nrlaee. and in t he (difls low aids Sha;; I'oint are 
frreenisli and }e]lMwi*.li tl.i;:;:y heth, ,s<.inotimes siained (»f a pnil\i*'h 
(idour. Small Lnojultt weie lai fly ahlimlaiit in some of thc^e beds. 
IblwiTii Sha;' I’tiiiit and 1 lat I'oint the beds are iiiueli hjttken, and 
ihero are clear indications of an important fault. Ih vonil Iho 
fault towanls Iltiaeomhe tin* ro« ks are inoi o massiv c* inoharai tor, 
and iih tliev also contain many sandstone*- hands, ami have not 
\iol<lod any fossil-, I have, h»r tiie j»resi*nt, thou;rhl it well not to 
iiududo them with the Moite Series. d’In-y are also s< paraied from 
tho tvpioal Ihraeoiiiho Ih <l.s by a fault, wliieh exlemjs alon^ the 
depression hetwoen l.anpih*y and tho eoa-si. 'J'hose hetis are well 
oxpeose ei in tlie* Slade* (juarry, dijepin^^ S. at a hi^'h uiifrir at ita w'e*ste*rn 
orid, and folding' round to the* N. at its eraslern enel, whe-re* the*re? 
are* lH;di» ot reddish ami ye-Ilowinh Mindhtorn*H. 'J'ln*st* roeka eall to 
mind seuno ot tin* I’iekwell I)owri sandsUmoH and shale- he*<ls ; hut it 
must he admittod that at prese*nt the*ir ajre*, <>win^ to tin* ahse*n<*e* of 
hesr^iln, is iijdotorminahle. In tho Loe? vaile v 1 toiirni a fe*w l/tnifvlix 
and tra;:inonts of oncrinitOH at novoral jKiinls in the Morte Se ri«8, 
and in the ipiarry opjazsite the hotel binall Lux/aht are* ah ahundant 
ab at Morte roint. 
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IV. MrLLACOTT, Shelfik, and Ilfracombe. 

The discovery by me in of a fairly rich fauna in a quarry 

on Mullaoott Farm, having? a stronp Silurian facies, led me to make 
a careful examination of the Ixmndary-linc between the Morte Series 
and the Ilfracombe Jlods in this area, and to note any special chancres 
visible in the beds near the junction. Durin^ this examination it 
soon hecame a]>parent that there was no j^radnal ]>assu<;e hetweeii 
the Ilfracomhe Jt<‘ds and the Morte Slates, as had previously been 
maintained to la; tin* case, hut that then* was everywhere an 
important pet rol<i;iical difference to he UMtierd, wliich could <»nly he 
the result of beds ot very (liffeniit atre btin^» broutrlit into eontact 
eitber by a fault or an nneontormity. 'J'o mabb* me to make out 
wind was really the can've of this abrupt <diaTj;j:r*. T found it iicta'ssary 
to trace with car(* the llfiacombe Ih d.N to the north in erja-nt sect ions 
and in the valleys about Ilfrncnmbe, and evidence w as soon c)btained 
to show tliat where beds liad been imlieate<i as «lipj»in" rejrularly to 
the sout]i,and hence under tlie Morte Slates, tiny as often dij>]u‘d in 
the (jpposite direction, t hat they w«*re bent into a scries of acute folds, 
and that the stroii*; (Icavui^e bad oft<‘n beeji mistaken Ibr bedding- 
planes. After this it iMN-amc ]»ossible to follow certain wtdl-marked 
beds through the various folds, a!id to make out that these rose Uf) 
lii^rluu* and hi^dier in the sections as \\v a]))>roachcd the Morto 
States, and in(li< at< d the .southern edp* of a well-marked troujrh, as 
slu'wn in li. Further 1 xaminaiiou rcvialcd the tact that there 
was inark<‘d evidence (d* much cru^hin;; when* tin* Ilfra< <>mbe Ik‘ds 
wer(‘ in eotitact with the M<»rlc Slates, ami thf-n forc that the line 
of separation lu'rc, at least, w.is an important t hi list -lault. 

Mmh of the evidence, .so far as it ndates to the lltraeiunbc Itcds, 
has already been ^iven by me in a jiaper in the (icd. Mair. for iMt.'i, 
iberefon* it is only necessary now to refer to that jiortion of the 
evideiici' which more parlicul.irly explain^ tlu‘ nature of the junction 
betwe<‘ii the llfracomlK' and Morte Ih'ds. 'fhe Ilfracombe Ih ds are 
often much brokim by faults and l'ret|U- nt ly inverted, but there are 
well-marked jictrolojjieal and pala‘ontolo:^ical Imri/ons wbiclj eriahle 
the beds, e\en when mo.st distuib«‘d, to he identilii‘d ; therefore, 
though beds .it ditfereiit horizons are oecasionally bn)uj;bt into 
contact with the Morte Slates, the line of junction, when these facts 
art* borne in mind, can be, as a rule, ea>ily traceil. 

In Mullacott Hill there is very little siijicrticiully to murk the 
fault-line, but just above Score, in a quarry workral for road- 
metal, some massive sandstone-beds of the Ilfracombe Series, thouj^h 
in a jrreatly crushed condituui. are ^eell dijipin^ away from the 
Morte Feds. North of (Jreut Slultin the fault runs along a narrow 
valley, the hill on the northern side being torined by the basal sand- 
stones of the Ilfracombe Series, and that on the southern side by the 
Morte Bods. In an easterly direction the fault crosses the < >ak ridge, 
and afterwards extends through the valley which runs neuily eaat 
and west, north of Bowden. 

The sandstones of the Ilfracombe Beds remind one much more 
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St rongl V of the IMckwill Down Sandstones 
than ot any found in the MorU* Series, 
and, like the former, tliey eontaiii an 
abundariec of detrital miea. The slaty 
IhkIs in the llfraeomhe St‘ries also are 
often highly micaeeous. It is iieees- 
Hiiry to lM‘ar these facts in mind, for 
though on the northern side of the 
lltrucoinlK* trough, as at (’oinhe Martifi 
and the llaiiginarj HilN, the hods are 
as little <‘luinged as lin y art* on Tu-kwell 
D«*wn, \el nn the souiherji sid*\ inair 
the grea* fault, lliey are nlteii s<» inneh 
cruslu'd and hrokoii that tin* sn[iertieial 
likeinss is not at once evident. More- 
ovt‘r, the h»\vt‘st h<*(ls are n(»\\ln*re seen 
in this ana < hi Miillae.»tt Hill there 
are sevt*ral tjuames uhieli have ut‘lde<l 
fossils, hut that which has yn l^hd most 
sjxeinieiis is on the right ^iflc of the 
road leadiTig 1 P'lrn 1 li rae»»nihe to Morthoe 
Station, ainl h**<.s than j mile sonth of 
the llfraeomhe ( 'ciiiet<Ty. 'fin* ln‘ds i»f 
]nir|ilish, gre»*ni>h, and yellowish si it**s 
(li[» at an aiiglo ot ahout 7'* to K.S.H, 
Ofithe north' i ii sale of th‘*<jnarr\ large 
/w) 0 /f//o are taiily jileniilnl, hut the 
inujority of the other fossils were found 
in the he(l«.o!i the sontliem side. 1 hey 
t'onij»ris(' St rnL Id n<h mu hrofit (some 
sjieeimeiis of very laige si/,e), OrthiM 
r txt 'ic t^ lih dd' liou' ^Id •Sfricirhtinli, a 
ln*\v Ptt riddfi^ ('dt'Jiold mtt rrn jttd {'! )^ 
ein ririite.s, fragments of a <-rustaeean, 
ele. Th*' hori/.oii indieated seonis t(» 
he the hase ot the Wenloek. In the 
valle\ east of thi-^ <juarry, whieh sejia- 
rates the Mullaeott from the Shelfin 
ridge, there are several out crops of the 
slates, and thesi* have uisfi yielded 
fossils, chiefly lAntjnUr. In Home 
(juarries in Shelfiii Wo^kJ, r>ri tlie north- 
ern side of the Shelfln ridge, the slates 
are covered with markings resetiihling 
graptolites in a hafi staU? of preservation. 
Tilt- <iiher fosfciU found along w ith t hese 
are a few Lintjubp, one or tw'o -jM-eimens 
of StncUandiHui lirata^ and tragiueiitfi 
of encrinitits. In warehing for fossils 
in the Morte Slates it must always be 



Fig- fVom Ciifttfudf P*ddt, nftdc 
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remoinbon*d that the hedn are mnch folded, and that fossils can only 
he found in anything? like a fairly w<‘ll-|»re8erved state in the limb 
of the fold where the ch^avape-liiies and heddiiif^-planeH are nearly 
parallel. In the arch of the fold the fossils are much crumpled, and 
where the cleavage crosses the beds fragments only are found, though 
a shaq) blow directed in the line of the bedding, which is usually 
much less marked than the cleavage-lin(\ will sometimes reveal a 
better s}»e<*imcn. Eastwards from this tK)int the Morte Slates are 
fre(|ucntly exjiosed in small <juarries and roadside sections, but there 
are no (jiiarries of any importance until we reacli the neighbourhood 
of Eraricis and WooImcmjU Barton. In the Francis (juarry an? some 
thick beds of a yellowish shale, unlike the usual Morte Slates, and, 
as they have not yifdded any fossil evid**nce other thaTi worm-tracks 
and doubtful encrinites, there is nothing to guide one as to their 
])ro|>er horizon. 

V. WooLscorr Baicion, Smithson, and Br:nuY Down. 

On ^Voolscott 'Barton Farm there nr<‘ several old quarries in the 
Morti* Slates, hut in none of these cfnild 1 tind more than traci's of 
fossils. In the Hlate-(ju«rrv in Srnillison Wood, on the eastern side of 
the valley whieh sejiarates the Woolscott and Smithson farms, many 
markings r<‘semhling graplolites were found on th(‘ surface f>f the 
slates, also a few small A/of/e/o, a small (h'thlx, and fragments of eniTi- 
iiites. The slates are of a dark-bluish colour and widl cleavt^d. Similar 
slates arc found in thi' road-cutting leading to Smithson Farm. In 
the valley a short distance soutli of the adj«>ining farm of llemjwter 
I noticed some light-coloured hdsl one-dykes cut ting through the 
slates. At Iterry Down tlie Morte Sluti^s rise to a height of over 
S5() feet, ])ul there are no (|uarries liere of any iin]K)rtan( e. On the 
road from Berry Down to Oomhe Martin tlie line of separation 
iKJtweeii the Morte Slates and the llfraconihe Beds occurs near 
Henstridge, and the fault runs up the valley which extends for 
some distance in u nearly east-aiid-west direction. Sandstones are 
found in the soiitliern side* of Stoneditch Hill underlying tlie slaty and 
calcareous beds of the llfnicomhe Series, which are much folded 
here, as at Ilfracombe. F.vidcnce that the llfraconihe lieds lie in a 
w'ide trough hecoiiu*8 perfectly ch*ar in tracing the sections towards 
Oombe Martin, and i»lentitiahle fo.ssils are to be found at .several 
poinU. The fossils hen* are, im the wlude, in a lK*tter state of 
]irt*8ervation than near llfrju'omlH*, and the facts seem to jK»int to a 
diminishing intensity in the folding and shearing in uii eastward 
direction. 


VI. Summary of the Stratigraphical Evidkscb 
IN North Devon. 

It may be well briefly to summarize the results given in thi« 
punier, though any coiiclusioua arrived at in regard to the general 
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succession of the rocks in North Ttevi>n will come in more appro- 
]»riately after the second part of the paper, whicli will cojitain 
the evidence obtained from other areas, has been read before the 
Society. 

The ehiiiijjed position now pven to the Morte Slates removes one 
of the jrn atest ditheullies experienced by previ<ms writers in their 
attempts at correlating tin* strata in Nortli Ih'von with those in 
other ureas, fttr !u)where tdst* had such a thick scrit's of well-cloa\ed 
sbites been met with at the horiz'Mis assi;;mMl to them hero. Tlic 
horizons necessarily variotl in ac<*ordain‘e with the vi('ws in reitard 
to the su'‘cessi<m held by I In* authors. Those who In'ld with Prof. 
Jukes that thiTi* was hut one ^roup in Norlli l)(‘vi»n of sandstones, 
slates or shales, !ind (Ml< an‘ous ImmIs, repojilod hy faults, found it 
in*cossarv to place the Morte Slates at the toj» of the wlmlo seri<*M ; 
while those who ( laiiinsl that tln‘re wore two or mon* s»*ries of 
stinifwhat similar sodimerjtH eonforniabb* to one another jdact'd tln'in 
not far from the ee!»tre in the suecossifm. 'I’lieri* is jijood t*videnee 
at many }»'iinls to show that Prof. Jukes was correct in claiming 
a faulted juin tioii betw(*en the Morte Slates and tlie Pi' kwell |)(>wn 
Iteds, Imt the results produet*d by the faults an* ditVerent from those 
whiclj he sun'.je'^ted ; for, instead of one great. brok»‘n trough with the 
Piekwell Dow n |l.*<ls coming up from uihIit the .Morte Slates, wt* 
tind the former resting upon the bitter, tlie fanlt.s between being 
clin< to (’rushing during tin* i!iov(mi(*nts whieli brought the Mortal 
Slat(*s and the I’iekwa*!! ])o\vn Iteds to tin* surface. 

liitil t he t hrust -fa ult between tin* .Morte Slates and tlie llfra- 
c »mbe Hr Is oil the northern side liinl lM‘en made out, tin* only way by 
which a rejiotitioii of tln» beds could bavo t aken place would be by a 
great fault on tin* soutln»rn side; but this would nec.ossit ate a rnueli 
greal<*r disjda(;erneMt of the bisls thin hv that whiidi is now 
known to tirciir on the northern side of the Morte Slates. 

d'he disrovery of fossils in the Morte Sbites belonging to several 
horizons in the sueei*ssion, and sorin? pr(»bahlv as low in position as 
the base j)f tin; Silurian ( rpjxT Silurian of the <f»*ologie.:il Survey), 
addefl t4» tlie slratigraphieal evidenfu*, enables us now to speak w’ith 
confidence as to tln ir jdace in the suc.ees-*ion in .North Devon. 'I’hey 
are the olde.st rocks in the urea, and they do not apjiear to contain 
amongf»t them any beds newer than Low'er Devonian. In some 
places newer rocks may occur amongst tlieni as tln^ results of faults 
or unconformities, but not in order (»f siieceMsion. 

In the sef/)nd part of the pap(?r evidence will In? given to show 
that in at least one of the anois examine 1 then? appears to Is? a 
passage from some of the Morl(i Slate** to D<»wer Itevonian rocks 
containing h(» chanieteristi*; a fossil as l*liaroitH 1 Criffthonx) tacmi’- 
atun. Tliesc pa^sage-lH^ds lie f>n the Hoiitherii sid*? Is’tw’een fairly 
typical Morte Slates and Piekwell D »wn Sindstomts, and in the 
latter, quite near one of the jnrielions, we diseovi r»‘d a band ricdi in 
fossil wo(xl, and other evidene.es indicating that they had been 
dejKwited near land. When an interpretation of the sueceasion in 
North Devon and West Somerset, in accc^rdance w ith the evidence 
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recently obtained, is submitted, I think it will be seen that it agrees 
far more closely with tliat which has been made out in other areas 
in the British Isles than has hitherto been suspected. 

VII. Description of the Fossils found in North Devon, 
Ltngfla mortknkih, sp. nov. (PI. X. figs. 1-5.) 

This is probably the largest yet found in the British 

Silurian rocks, and it occurs very jdcntiliilly in the Morte Slates, 
though usually in a distorted condition. Khuigated oval, the sides 
nearly parallel. Italber acutely rounded in front, and ta}»ering 
gradually backwards towards the beak. Valves conij>ressed, and 
surface marked wuth numerous line lines of growth, which here and 
there are sculpt un^d with cross markings. 

Length 1^4, width 0 lines. 

In size and sha]>e it more closely resembles L. Broflteu Davidson, 
from the Woolhope lamest one, than any other species dcscrihed 
from the British l^iheo/.oie rocks; hut it is larger than th:it sjH*cies, 
and longer in j)ro])ortion to the width. As one spt‘cimen fuily of 
Jj. lirodici has been figured and described, it is jiosNilde, wln n otliers 
have been discovered, that they may he found to agiei* more closely 
with our shell, esj)eei:illy us they <»eeur on tln‘ same gt ol(«gical 
horizon. In ussociati(»n with the large lorins there are others of 
various sizes, and some of the surfaces are tiiickly covered with 
minute speeimeiis as in PI. \. fig. 5. 

Found at Woolaeomhe, Morte i*oint, L(‘e, Mullaeott, and Shelfiu. 

Stricki.anm.ma muata, Sowerhy. (J*l. X. figs. (» >.) 

This is the most characteristic fossil in the Mullaeott (piarry, hut 
though it occurs there in fair ahuiid.-iuee it is nntst difiicult. owing 
to the crushing and cleavage, to obtain an\ good specimens. 'I'hose, 
however, which have been found show that it att.ained a large 
size, ecjualling nearly the largest forms f<»und in the Wenloek Beds of 
the Island of (iothhind. 

According to Ihividson, Stnrl latuIiHin Virata ‘ varies greatly in its 
external shape. . .The size and reguluritv ot the rihs are especially 
variable in different specimens, as well a^ the length of the hinge- 
line.’ (Mom^gr. Pul.Soc. vBrit. Sil. Braehii»p.* vol. iii. ])t. vii. p. Itll.i 
The suggestion first made tome hy ^Ir. Shannan, of the Museum 
of Practical (ie(»logy, that our fossil seemed more closely allied to 
<S, lirata than to any other braehiopod with which he was ucjjuaiiited, 
tempted me to make an exnmiimtion of many i»f the sj»ecimens in our 
museums; and the fact, stated by Davidson, uf its lendeiiey to varj* 
greatly in shape and ornamentation 1 loiind very true. I cannot 
Bay that, so far, I have Ir'cii able to exactly match our fos^iil with any 
other specimen, hut undoubtedly it approaches most cl(»sely in its size 
and ornamentation the specimens in the Society s Museum and in the 
Jermyn Street Museum, from the lowest beds of M’enlock age at 
Marloes Bay, Pembrokeshire, and those from Gothland in the Natural 
Histor}' Museum. The following characters, abstrucud from those 
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given by Davidson in the full description in his memoir, published 
by the Palieontographionl Society, vol. iii. pt. vii. p. ITd), can be 
made out in our P[>ecimen8 : — * Transversely oval ; hinge-line nearly 
straight and slmrtcr 


than the width of 
the shtdl . . . sides 
and front rounded. 
Valves modern t el V 

convex. Dorsal valve 
more or less semi- 
circular and trilolu'd, 
from the ])r<‘senee of 
a rather wide mt'sifil 
l«>ld (d* small elevation 
whieh, comnirncing 
at the extremity of 
the Umhonal heak, 
gradually widens as 
it a|‘|uoac]i(*s the 
front. Surface of 
valves (»rnamented 
with numerous angu- 
lar, irrrguhir, often 
biliireating rihs, and 
coTireiitric Hues of 
growth. Near the 
of the dorsal 
valve are two el<ui- 
gated pear-sha]»ed 
iiiipressiruis, due to 
the Jidductor or 
ocfdusor muscles, 
divided in tlio middle 
hv a central ridge. 
Numerous pits (rough 
tuhercli*H r>n the 
cast ), prohahly ova- 
rian markings, sur- 
round these sears.’ 
The RjK'cimens are 
m much compressed, 
and also drawn out 
of shajie hy the cleav- 
age, that it was only 
by the examination 



of a large nurnb^ir [Reproduced from a phoUigraph.] 

that all these tjoints 

could be clearly made out. There can, however, be no doubt 
that the ff»ssil ie cither S. lirata ora verj' clofoly-allied 8f>ecic8. It 
is an important fossil in defining the horizon, and the other fossils 
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fonnd in the same quarry are such as would be expected to occur 
with it in beds of I/>wer AVenlock a^e. 

Found in the Mullacott and Shelfin quarries, near Ilfracombe. 

RnTKcnoNKLLA Lkwi8Ii(*?), Davidson. (PL XI. 1-4.) 

Many spc^cimens of this species have been found in the rocks on 
the side of the path leadinj' down to Darricane Peach, but, like 
most of the fossils found in the Morte Slates, usually in a p^reatly 
distorted condition. The 8|H^ciinens have also for the most part lost 
the oriuiiiientation characteristic of this s}>eeies, but traces of it 
arc sonietimes left in some of them. The ])in(du*d apj>earance of 
the mesial fold is still retained, and the number of ribs in the 
mesial fold and sides ajrrees exactly with those in the Shropslure 
Hpeciineiis from beds of VVenlock age. t)n ]>. l ^tt, Davidson 

says that ‘ the range of this sp<*cios is said to be in the Llandovery 
and Wenlock rocks ; 1 am, however, arquaint(‘d with the shell only 
from th(j last-named formation, in W’hich at some localities it is 
exceedingly abundant.’ Hitherto the only locality in the Morte 
Slates in which it has been found by us is at Harricane in Mortem 
Day, in association with Sjtirifera IhtinUmjii ^ LimfuJo mortt'ums^ vXc. 
Mr. Dather was kind enough to compnn* our specimi'iis with those 
in the Natural History Mus<*um, and said that they agnaal more 
closely with the typical specimens of J\h, Lt irisil in the National 
(’ollections than with any other species. 

IlUVNTIIONKLLA StKICKLANIiI (?), SoWcrhv. ( PI. XI. fig. 11.) 

A few imperfect spectimens of this sp(*eies havt* been found in the 
Mullacott (juaiTV. In size and sha]>o the shell agre(‘s with those 
whieh oecur in the Wenloek Limestone and Sljalo in otluT areas. 
It has a very convex form, is from 12 to 15 lines in length, and the 
surface is <»rnaiuented with from 25 to PU narrow, simple, angular 
rilw. 

SriKiFRRA IIamunoii, sp. nov. (PL XI. figs. 5 & 6.) 

The specimens arc compressed and distortetl, but they show that 
the shtdl was wider than long and moderately convex. The hinge- 
lino is nearly straight, rather longer than the width of the shtdl, and 
somewhat pointed at the cardinal angles. Dt>rsal valve convex, 
with a wcll-raistHl, wide, mesial fold. Surface of valves ornamented 
with about lid moderaUdy strong rounded ribs, of which nearly a 
third occur on the mesitil fold. They are fret|uently crossed by fine 
concentric linos, and here and there the larger ribs ap^tear to be 
ornamented with tine lines more or less parallel with them. Area 
narrow. 

Found at Darricane, in Morte Bay. 

Orthts rustica, Sowerby. (PL XI. figs. 7-10.) 

This species occurs in fair abundance in the Mullacott quarry, and a 
few specimens have also been obtained from the rocks on the northern 
side of Barricane Beach. In each place they are much distorted, 
but they show the characteristic ornamentation mentioned by 
Davidson. He says at p. 2^19 (Monogr. Pal. Soc. ‘ Brit. SiL Brach.* ) 
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that ‘ I must now again remind the student that one of the chief 
charactenstios of Orth in rustica consists in its generally having u 
small interjM)luted rib belweiMi each two of the longer ones, or 
between those which extend directly from the extremity of the beaks 
to the margin, the number of ribs varying acct»rding to the age of 
the individual.* Among the s|H‘eimens collected at Miillacott there 
are examples i»f all sizes, and siune «|uite as large as the largest found 
in the Wcnlook rocks of Shru]»shire. Its assmMation here' with 
Stricl fiin'/iniit Uratu is highly intere>ting, ami iin]>ortant in detining 
the horizon of the IkmIs ; with the exceptitui of N. linitn aiiil Llnijufa 
uiorfrujilit, it IS about the most plentiful fo.Nsil in these beds. 

Found at Mullacott and Ihtrricane. 

Monionopsis HMtuir\NKNsis, sp. nov. (1*1. XI. figs. M & IT).) 

This species appr»>aches more nearly in shajM» Motflofop^l/t suh~ 
alatHx, Hall, of the Niagara tinnip, than un\ lint isb species. It is, 
howcV(*r, a inueli larger torm than the AnuTican species, and the 
umbo is situated nearer the anterii»r exlnonitv. 

l/cngth about 11 lines, greatt'st width about 7 linos. Snb- 
rhoniboidal in sha|M*, ]»osterior si<ie gr<*atly ( Xpnnded. Anterior 
extremity short and roumhsl. Finbo prominent. Surface marked 
with moderately strong e<m(*entric lines, ami near the anterior end 
tlM‘ eoneentrii* line-* are crossed hy numerous tim* lines which e.xlend 
to the margin. 

The shell is still convex near the umbo, but it has evidently been 
min b tlattened \>y pressure. 

Found in the elilfs on the northern sidi* of Jhirricane, and Mnlla- 
cott ijuarry. 

I'rKUiN.KA MoKTKNsis, 8p. nov. (1*1. XI. tigs. Ill, 17 .) 

Sev<ral siM'cimens liave lu'cn found in the Miillmadt, (piarry, 
which <*xhibit chara<'t<Ts suflieicntly marked to indi< atc a new Kjasdos 
ditfering in scvt^ral jjarlieulars fu»m ariy other ku()wn Itritish form. 
The speeimcfiH arc eriisb(‘d and e\idently soriu w hal distorted, but 
Kln»W’ that the fihell must liave been broader than long, with a nearly 
straight binge-lino. Anterior wing .Klunt and pointed, and separated 
from tbo central part of the hbell by a su)<mih. Pfisterior wing long 
and obtusely pointe*!. Tim surface of the shell is marked by 
numerous radiating stria*, which biliireatc? as tiny approach the 
margin. Some sjMJcimens show traec-s of com^c^ntrie. lim-s of growth. 
The umbo is prominent, aiic] situate d about a third of the; di.stunee 
frcjin the antcric>r extremity. 

Width Jb, length 1<» lim^H. 

Found, up to the present, oidy in the Mullaeott cjuurry. 

AvicrLA, Kp. (PI. XL fig. IH.) 

No |>erfect 8|M.*cimen8 have Inren found, but the fragment figured 
shows that it is distinct from any Itritish species. It, however, 
somewhat cbm*ly reseiiible.s one of the sjs'cies { Avicula undata) 
from the Niagara rocks of .\mericH. 

Found in the cliffa, northeni aide of Larricane. 
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EXPLANATION OF PLATES X, & XL 
I*LATB X. 

Figs. 1-4. TAnpula mtirtevBw, sp. nov. 3*. Enlarged portion of shell, showing 
omsmenlation. Fig. 5. Probably joung S|)eci!nenB of the same 
sfjeries. Miillarott, Shelfin, find Morte J^oint. Authors Ctillection. 

Figs. 0 S. Sfnckfaiulinia liruta^HoyvnThy. Mullacott Quarry. Collect ion of 
the KfV. (i. F. Whiflburne ; 7 and 8, Author’s Collection. 

Figs. 9, 10. Crania^ sp. Mullacott Quarry. Author’s Collection. 

Plate XL 

Figs. 1-4. Uhfjurhnnrltn LtiHsU (7), Davidson. Parricane, in Morte Bay. 
A lit hors Collection. 

Fig. J 1. lihffnchom Ih SfnrJclanfliC}),i^uy;oThy. Mullacott Quarry. Author’s 
(%illcction. 

Figs. f» & ti. A/>/>)/rm sp. iiov. Bnrricane, in Morte Bay. Author’s 

Collection. 

Figs. 7-10. t'/r/Zz/.s rw.Nt'/VY/, Sowerhy. Mnlhieott (Quarry. Author’s C\ilie<*tion. 

Figs. 1‘2A I.T *S/r;/7i7z/wz//;z/V/, sp. Miillncott (Quarry. Author’s Collection. 

Figs. 11 A I.'». .\I(ulntltipsin Udrruitnnisis, ■ Parricane, in .Morte Bay, and 

Alulliuvitl Quarry. Author’s Collection. 

F'igs. 1(» A 17 . I trrhuKi niortntaifi, sp. nov. Midlacott Quarry. Author’s 
C\)llecti<ui. 

Fig, IH. .4ec'v/zr, sji. Bnrricane. Autlmr’s Collection. 

Fig. 19. ( Vfrz//(7(/ f7//zmzy7f/ ( ?>, Sow*‘rh\ . A fraginent. much enlarged. Mulla- 
cotl Quarry. .Author's Col leet ion. 

Fig. *J(1. A fragment of a Crustacean (carapace?'. Author’s Collection. 


Dlsri'KRION. 

Tho Piir.8iDV.NT said that six years had clajisod siin r the Author 
attacked the ])r(»hlem of the rocks of Noith Ihvoii and their 
suoet'ssion. On the former occasion he obtained a vrrdict of 
‘not ]»roven.' After further careful work on thest‘ beds, the 
Auth(»r now (‘aiiie forward Avith additional evidt'iice from the field 
nnd from tin* tossils derived from the rocks to prove that his 
rending of the succession of the Devonian rocks is the true one. 
lie (the Presidiuit ) invited discussion (1) on the stratigraphicaJ, 
and (iJ) on the imheontologicul evidence. 

IVof. II roil vs believed that the thickness of the several divisions 
of the Devonian hud been greatly exaggerated, and that the vertical 
distance of the beds, now jiroved by Dr. Hicks to he fo.«siliferous, 
from the known fossil-ln'aring beds of Ilele, for instance, was not 
really great. Ho thought that, although the lithologicid difference 
lietwt'on the main mass of the Morte Beds and of those which 
occurred on either side of it was very great, there were alternations 
of the sandy and slaty ty]>e in the contiguous strata. In so 
disturbed an area faults would be opt to occur where rocks ot 
unequal resisting- power were crush^ together, and this, with 
the overfold of the anticlinal arches, might give a deceptive 
appearance of an unconformable junction. The proof of the theory’ 
proposed by tho Author dejwiided chiefly upon tho paJieontological 
evidence. Taking the more important test-fossils laid upon the 
table, namely, Cardiola interru^ta^ Stricklatidinia liratu^ and the 
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graptolites, he thought that the first was an imbricat^jd shell, like an 
Airifpa^ ]H'rhttj>s - I. aaptra, but that it certainly did not show the 
cross-ribbed surface from which C. interritpta took its name. The 
second was founded on distort(*d specimens of Spirijfra dinjunctti ; 
and the so-called graptolites wore lines of an ashestitbrm mineral 
following broktui v(‘in-lik(* cavities, whicli had perliaps in some 
casfs been occii}»ied by eiicrinite-anns and stciiiH, the joints of which, 
together with regular sl<-j)-like displai*ements during the movements 
that nuHlitied the strueturo of the n»ck, pri»dumi the scalariform 
appearance ef graptolites. 

Tlie Authiu* 1» ad ad<lcd grtMlly to «>ur knowledge of tlio Devonian 
roek> l*y liis ♦hr^ct'ver\ of tbs'vils in tiu* Morte Series, hut the speaker 
t fought lf»at tiie roek> and fo-'sils sugge'^ted a etunparisoii with the 
Tiritagcl It'ds rather tliaii with the Silurian. 

The Uev. ( 1 . F. WmuHouNV. h:id had the ]nivilege of folh>wing 
the Autfior's work in the field aiul <*olIeetiug fo.ssils with him, and ho 
was vineed that tlu« Autlior h;id not only tbund iiti ahuiidant fauna 
in tfo' ‘ unfoS'tiliferous ' Morlt' Slates, luit had discovered tht* trut» 
ht*(lding planes, and ihcndiy proved the thickness ol‘ tin* (lejKHits ifi 
North De\ori to he iiiueh less than had been supposed. He Innl vt^ry 
earefnll\ (‘Xainiiied the fossils on the lalile, and was (tonvineed l.hat 
t iiey did not present a Ih'Voniun fa< ies. lie had been unable to 
reconcile liicin with any Devonian fauna that he knew. Nor eniild 
lie agree with I*rof. linglies t hat the large hpeciinen til' Sfrir/rfuiniinia 
lirat't could h} any pos'.ihility hi* a (iislorteil Spirif'rr W-rnvniH, 
It dilTers from that form both iti shape and minnUf ornament, 
Tfic Irugment of ^ (\trdiol(i //<// /‘ray/Zo ? ’ also sof.n,(>d to he more 
like that fossil tliaii anything else, lliongh it. was <litlicijlt 
to determim^ in its fragmentary condition. It ecrtainly was not 
Atriijvt (txptra. 

.Mr. NI UiK saiil that the dip of the Ilfraeomh(^ Itefls from the Morlo 
Slates Iwdow the snppo.-M*d thrust -plane was not evidenee oj' tli(» 
existence of a t lirnst-plane. Jiut. the serious evidence was that of 
the fossils. He inainlained that iimn* of the tV>,-,sils exhihitial were 
detinitcly ])roved to be Silurian. He eamld not see any indications 
ot gra(»lolitic structure in t he si>f;cimens on t he luhlc. d'he greatest 
strC's had been laid on tin* snj»posed SlrirLhindimn hnitn. Ho 
wish*-dthal the gent lemari who had identified t hat spfifumen hail been 
present to say definitely that it was StrirLIfinilinifi. (’onsidering 
the niirnfier of forms closely ndated to Silnrian forms whi< h had 
been found in AiiKTicuii l>evonian rocks ( for exam|»le, l^fntuniervM 
pHent/n'jfiUafus)^ and the fact that in the richly fos^lUferourt deposit h 
of Boheiniii, Barrand<‘*s stages H, now hliown by Kayser to bo 

])evonian, were originally described as Silurian, ho did not think 
that the distorted fossils displayed on the* table could he takf*n aa 
evidence fi^r npsetting the receiv«-d classiticat ion of the North 
3>evon rockb. The Author was to he congratulated on tin; discovery 
of fo.ssils in the.se bupjiosed barren rocks, but the b]>eaker, though 
having no objection to the reference of the Morte Slates to the 
Silurian, hoped that more evidence would be forthcoming ia the 
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second part of the paper before they were definitely accepted as 
such. 

Mr. H. B. WooDWAKD remarked that the Devonian system had 
always suffered from hein^ founded on zoological characters without 
clearly defined Hlratigrajdiieal evidence. The Author's paper should 
be studied in eonjuncti(»n w’ith the excellent w’ork of Dr. ilindc* and 
Mr, Howard Fox on the radiolarian nn-ks, w’hich were probably 
of the age of our Yoredale Beds. The precise equivalents of 
the lowermost Carboniterous in Devon were not established, and 
there had been no base to the Jlevoiiian system. For the secjuence 
of Devonian faunas we had to take the divisions made in Germany ; 
and as it was not clear that the base of the (arhoniferous there was 
the sam(‘ as that in this country, it might he (lueslioncd whether 
the continued use of the term ‘ Jlevoniaii ’ was justified. Agieeing 
that the subdivisions in Devon must lx* work(*(l out by their 
fossils, he h<»])ed tliat in so complicated a regioi the s|>ecies would 
h(' identified sidrly from tln ir zoological eh:ir:icl«‘rs, while tin* best 
basis for such detailed work was an indept'inh iit (>-inch survey of 
the area. 

Mr. Hopkinson said that he had examiinxl num(*rous sjiecirnens 
eollect< d by the Author which bear a general r(‘M*mbbmce to grapto- 
litcs, and of whi<;h he exhibit<*d drawings made under the micro- 
scope. Sonn* <)f these might not \>e organic, others might be w(»rm- 
traeks or encrinite-stems, or impressions of (dher organisms, but he 
felt certain that there w ere graptoliles among them ; they w ere, 
however, in so bad a state of preservation that it was impossible 
to identify them. ]le believed that most of the graptolites belonged 
to the genus and therefore were of Silurian age, but 

that (>rdovician genera also occurred, showing that the rocks from 
which they had been obtained were of different horizons. Some of 
the braiieiiing forms were pndiably (’ladojdiora, belonging t-o the 
genus Vtmh'iHfra He could not believe it ]>o.ssilile that 
mineral matter could simulate, as suggested by l‘r(»f. llughes, such 
forms as he then drew <»n the blackboard, one being typical of the 
Munoifraittus Sedtju'ulii group (having long curvod denticles), and 
another resembling a scalariform inij re>si«>n of a ( 'liniantfjntptus 
(with transverse oval cell-apertures). He hoped that specimens 
would be obtained in a sufficiently ]>ertect state of jireservation to 
enable them to be specifically identified, dispelling all doubt os to 
their nature. 

The Author said that he would reserve Ids re]»ly until the second 
part of the pajK?r is read, when evidence w ill he prese nted which 
will clear up many points referred to in the diseussion. Tliere can be 
no doubt that the Morte Slates, in their lithological characters and 
in their fossil contents, are entirely unlike the surrounding Devonian 
rocks. 
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14. On the Llandovkky and Associatkd Kockb of Conway (Noktu 
Walks). Ik Miss (J. L. and Miss E. M. K. Wood, 

liuthurst Studoiit^, Nownhutn College, Cambridge. (C\>iu- 
muoicatod by J. K. Maku, Emj., M.A., F.K.S., Sec. Cr.S. 
Head Jauuiiry t'th, ISHi).) 

Cl^NTKNTs. 

I. Iiitroduotidii. and Di'scription iif Ami 

II. LiU'raturt* 

III. (ItMionil St'ijiuMuf 

IV. I>ftHib*<l iK'Hcri p! inn <»r lh«* llfd»< 

1. Tlu‘ Llandnvrrv Hnokn. 

‘J. I'lu* 'rarannon SliulfM. 

.‘1. Tlu* \\ iMiInnk SI ml rt*. 

-1. Tin* Drnbi^diHliin* (Jrita and KIiij^h. 

V. Cornd/ition wiili utlirr An*nH 

1. T'ln* Idioidn't*r> H»M*k». 

'J. T'lu* 'ranoinnn >hal«‘H. 
d. T in* Wonlork Slial«*H 
4. 1 In* 1 )rnbi>ili?l»irn (irit.s ainl Klnga. 

Vl. (iciUTul CoJIclupinllM 

Cifidngieul Muj> nl Diulriot aoulh of Coiiwiiy 

I. iNTKonrcTioN, and IIkscuii'TIon of Aur.A. 

Tiik (leolo^iral Survey Map (Sheet 7SN.K.)of llio district lyiri^f 
immediately south of the town of (Vmway reveals an outeroj) of 
Tarannon Shales, which is curious as rcg:ardH its relation to the 
associated formations, since the Tarannon Shales are represented a.s 
iH'iiig both underlain and overlain by rocks of Weiiloc.k aj;e. I'his 
cireumslance led us to examine this special area; and our attention 
having already been directed to the occurrence of gnijdolilic shales 
below the I’arannoiis in other purt-s of Wales, we tliought it poshibie 
that thc'V might also be present in the Cunw'ay dist ri(;t. 

Our observjit ions in that district have extendcul over a fairly Avide 
region, including the greater part of the valley of the Afon (iyftin 
between Conw'ay and Y-l(o ; but the only area which we have 
mapped in anything like detail lies immediately south of the town 
of Conway itaelf, and oecupiea the hill oj»posit<i (Jonw’ay (’asllc 
and the railway. This area is Irounded on the tast by the Jliver 
Conway, and on the west by u fault (‘boundary-fault,^ as we term 
it in the following pages) which brings a calcareous grit of Jluhi age 
against Silurian beds. 

The northern limit of the area is formed by thfj Afon Cyffin, a 
tributary stream of the River Conway, w hich it joins just below the 
Castle. The southern limit has been taken, for eonvenienee, at the 
l)eginning of the dense w'oods belonging to Iknarth Asylum. In 
other places higher up the valley, where w'e hojKjd to find a similar 
succession, the ground was low-lying and all rock-exposures were 
concealed beneath a tract of oUuA'ium, 
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The geoloj^ical structure of the tirva is fuirly sim[»le, fhou^»h (ho 
beds are faulted and jrivo indications of huvinjiT been disturhed, the 
cleavage in many eases being in a direction at right angles to that 
of the plane of bedding. There is no great variation in the litho- 
logical charaeUTs of the beds ; they are all of the general tv])o 
known as ‘greywaeke,’ and graduate locally from thiek-bedded 
gritstones, through smooth tlagstoiies, and thin-bedded hard grey 
shales down to fine-grained graptoiitic mudstones. The only fossils 
with which we hav(‘ to deal are grapltdites, and their value for 
purjK>ses of strut igrajdiical torrelatiun is now too well known to 
need comment. 


II. LnruAiruE. 


The succession of rocks at (’onway has received hut little attention 
at the hands of geologists, and the literature is in eonse(|uenee 
somewhat scanty. In the serond «‘(litioii of (he ( ieological Survey 
Memoir on Norlli \N ah’s ( 1 ) the snecessioii at (‘onway is given 
as follows : — 


Went.M-k Simlo Kv, nl.K-k U-l-. 

(int. J 

’J'nrunium Shal**. 

{f ft/trr itud Lou'fr IJAndovery JlnU r/Wa/.) 
L’unid«K’ or lJulu beds. 


It is also suggested that the abseneo of Llandovery rocks lad ween 
Cofiw’ayand the country east ofllala Lake may possibly bediietolho 
overlap of the Tarannon Shales, which are said to rest mi Lower 
Silurian rocks at iihout the liorizon <»f tlm Itala Jann^stone. 

The Tarannon Shales form a narrow hand at tin? ha^e of tlio 
Denbighshire (frits extending from (Nuiway to Llanhedr, about 
miles to the south, being iiiterrujiled only by three small faults 
with a dowMithrow to the east. 

On the hill immediately south of (■onway tluj base of the grits, 
resting on a narrow hand of Tarannon Shales, sliikeM towards 
Gyffin and, dipping east at an angle hetwei n 10 ami bo passes 
south by Y-lto to (Jaerbun, where the western boundary is lost 
in the alluvium of the liiver Oonway. It is also stated that the 
grits pass up iuto the Wenlock Shale, hut no mention is made of 
the considerable thickness of Wenlock Shale wdiioh wo have found 
btdow the lowest grit-hand in this district. 

Prof. I^pw'orth, in liis classical work on the ‘ Distribution (»f tho 
Khabdophora’ ( Ann. & Mag. Nat. Hist. ser. vols. v. & vi. ISSO, 
pp. 45, etc.), recoids the occurrence of many graptolites in the 
Tarannon Shales of Conway. On palicontologieal grounds he con- 
cludes that the Tarannon Shales of Conw^ay corrcs]Sin(l to the low'(;Ht 
portion of the (iala Croup of Southern Scotland, that is, with the zone 
of Aionograptxis exirpiv^. 

Our work necessitates a modification of the views of the earlier 
Surx’eyors, though wo are in complete agreement with Prof. i.Ap- 
worth’s suggestion as to the horizon of the Tarunuou Shales of tliis 
district. 

aJ.G.S. No. 206. 


u 
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In this area we believe that we bare a succesaion of graptolitic 
mudatones reprcHentinp: beds of Llandovery, Tarannon, and Wenlock 
a^es, and we hojH} to show that the omission of Llandovery Beds in 
the Conway succession of the earlier surveyors was erroneous. We 
consider that the general sequence in descending order is as 
follows ; — 

T). Denbighshire Gritn and Flags. 

4. \A’enlf*ek Shalee. 

tl. I'amnnon Khnlep. 

2. I'pper Llandovery Beds. 

1. Bala Beds. 

The junclion between the Bala and Llandorc^ry rocks is nowhere 
visible. The former do not come to the surface south of the 
Afon Gyffin, but at the time of our first visit drainage-o]x'rations 
were in progress along the road passing the timber-yard on the way 
to Bennrth, and at a few feet below the level of the road black 
graptolitic sliales containing Diplofjraptws folinceus (Murch.) and 
Cliwncotfrnpiufi hicornm (Halil were seen, apparently in s-itu, under- 
lying the Tarannon Shales. If this be really the case, the Lower 
Tarannon rests unennformably on rocks of Bila Limestone age, and 
the succ(Mision is here differtuit from that seen on the other side of 
the fault (F. 2 in maj), ]>. 274 ), where Llandovery rocks occur, but 
it is unliktdy that the Jlirkhill Shales have been overlapped in this 
short distance. 

tSince there is no junction visible between the Bala and Llan- 
dovery rocks, wo are unable to determine definitely whether the 
Lower Llandovery rocks are absent or not in the district. 

Note on Oie Bala liock‘$ of the Conwnn District . — <Mi the other side 
of the Biver Conway, in a (jiiarry of Bala rocks on the hill above 
Deganway, we have found remains of several large trilobites. Many 
seem referable to the species Phacops appendicnJalHs (Salt.) ( = P, en- 
centra, Ang. ?). This would tend to show that we have here repre- 
sentatives of the Ashgill Shale fauna of the Lake District. If this 
be the case, there exists in this part of North Wales a higher series 
of Ordovician rocks than has hitherto heim supposed, and hence the 
break bet ween Ordovician and Silurian rocks is less than was formerly 
believed to be the case. 

The Up|>er Llandovery rocks pass up conformably into the 
Tarannons ; but on palteontological grounds we believe that the 
latter are overln]»j>ed by the Wenlock Shales, and that the highest beds 
— that is, the zone of Cyrto^aptus Crrm/cr (Lapw.) — ore not present 
here. 

The host section of the Wenlock Shales is to be seen on the shore 
below Benarth, and here we approximately determined the upper 
limit of these beds, on lithological grounds, at a jioint where the 
beds berorao more flaggy in character and eontein bands of grit. 

Tlie exjiORures on the side of the bill were not sufticiently good to 
enable us to determine the upward limit with certainty. 
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There are two main faults in this district : one (F. 1), as has 
been mentioned abore, forms our boundary-lino to the W. and strikes 
10® W. of N. ; while a second one (F. 2), striking 30° S. of W. and 
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with a downthrow to the K., brings the U|>]»or Llandovery nnd 
Tuninnon btuls apiinst the Wenlock Shales. Wo believe that the 
occufTi'iicc of Upper Llandovery Hods is dependont in a great 
measure on this second fault. 


IV. Dktaii.fi) Dkscription of the Beds, 

1. The Llandovery Rocks. 

Rocks which are undoubtedly of Llandovery ago occur on the 
right bank of the Afon (lyffin, from opposite Nockarmount House to 
the timber-yard buildings. Farther W. they ore concealed beneath 
the alluvium of the river. They strike 10 N. of W., and dip W. 
of S. at an angle of about 55°. Continuing on this strike, they are 
again seen in vertical section in the high bank opposite the fork 
formwl by the junction of the Benarth and (iyffin roads; henj they 
occur slightly below the level of the road, and probably occupy the 
whole of the marshy ground lying betweem the road and the hank. 

(a) Slreant-ttecfion . — The beds seen in section ncarlluj stream are 
capable of the following subdivisions, in descending order: — 

7. ITard grey bed. 

ft. Bl;iek «lmle*band, with Hantrit/'H majrimtu. 

[). (irf-y flagRtonen. 

4. IJImrk Mhali-barid, with grapU>lites. 

li. <irp\ flagsionefl. 

2. Black shale-band, witli grapiolitet. 

]. Very tough flagsUmci. 

1. Tou'jh Grey FUtgHones , — Little need be said of the nn- 
fossiliferous beds forming the base of the section. Ihey consist of 
tough grey flagstones, and are well exhibited in the Ix^d of the 
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stream. They call to mind stronj^ly the ao->called Barren Mnd- 
stoDos of Moffat (Lapworth, Quart. Journ. Geol. Soc. vol. xxxiv. 
1878, p. 240) and other areas. They are about 4 feet thick, but 
their base is not visible. 

2, JUack S?i(iJe-hand, — This band is composed of typical black mud* 
stones ; it is only a few inches thick, and is much weathered, so 
that larjje blocks are not obtainable. "We identified the following 
graptolites : — 


iw (Burr.). 
llmnyeri^ var. nttdtis 

( Ijmw.;. 

JHningeri, Tftr.jamlum (Lapw.). 


greyariujf, Lnpw. C, 
Jjiployrupfus taviarigcw (Kich.), 

CUniarograptus vormaOs (Lapw.). 


(C=very coiumon. c=coiijmon, B = ran*.) 


3. Grey Flayx. — The black fossiliferous band No. 2 is separated 
from the band No. 4 by a foot of prey flagstones, very similar in 
character to those found at the base of the section. 

4. Black iShale-hajuL — Very similar to band No. 2, but fossils aro 
rather more abundant. This band is also of inconsiderable thick- 
ness, We have found in it the followdnp fossils ; — 


Monoyrapfi/s conchnwa (Ijapw.). 

Bu*htycn\ var. nvdun, Lapw, 

— — , vur. (Lapw.). 

— yrvyu riufi ? ( pw . ). 

lohij'crwi (M ('ey). 


ne sintmtusi (Nifh.). 0, 
JInyhcMi (Nirh.). 
tu mu riscu(> ( N ieli. ). C. 

2 >tu» normal ui (Lapw.), 


5. Grey Ftaystoneg, — These differ in no particular from those 
already described. 

0. Black IShale-han(L — This, the uppermost black shale-band that 
occurs in the section, is by far the most imjK»rtant. It is exposed 
about 3 yards from the top of the bank, below the up])ermost bed 
of prey flagstones. The bed weathers very deeply, and has a curious 
rough fracture which renders it easily recognizable. The band is 
richly fossiliferous, and has yielded the following graptolites : — 


Jiaafritrst 77iaximiui (Carr,). C. 

— — ■ yffHMufus (Burr). 

- disfana (I^apw ). 

Nvmyruptue aryufu» (Lapw.), 

BarraiuUi (?) (Suess), 

conui/iNua (Lapw.). 

— — - (Lapw.). R. 

(falacfiifis (Lapw.). R. 

Hmnyerit var. nudua (Lapw.). 

, var. jaculum (Lupw.). c. 


Monoyraptusi lohiferu^ (M‘Coy), 

■ ifphiiyrruit (Nich.). 

(urrieufatua (Burr.). R. 

VrtaUyrajitufi oratus (Barr.). 

IAS (Barr.). 

Vip'iH/ra^du^ siuuafiis (Nich.). 0, 

fufnariacus (Xich,). C. 

Hvyhesii (Xich.). C. 

Clhfiacoyraptus nonnalU (Lapw.). 
c. 


(b) Marsh’section, — The beds seen in section in the bank of 
the marsh are, as before mentioned, a continuation of those seen by 
the stream, and here, as before, they dip steadily in towards the hill. 
The marsh, which occupies the space between the road and the 
bank, lies about 3 feet below the level of the road, but the ground 
rises somewhat towards the bank. 'Were it not for this depression, 
no Llandovery Beds would bo seen here, as the band with BastriUg 
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ma.r'imtts is found almost at tbo level of the road, and the black 
band No. 4 is only just visible at the foot of the bunk. This band 
disapjiears almost at once when traced east or west, and the zone of 
Jiasiritf^ ma.vimiL8 is also lost at the level of the road ou either side 
of the depression. 

The section is, however, very inferestinp as affording: an oppor- 
tunity of studying the passage from the Llandovery rocks into the 
Tarannon Shales. There occurs in this place a graptolitio band 
above the zone of Tiiis must be, from its 

position, either a jiaasage-zone or the lowest bed of the Tarannon 
Shales. From the character of the fauna presently to bo described, 
we prefer to regard it as a true passage-bed. 

The fidlowing is the section seen at this locality, tbo strata 
being enumerated in descending order; — 


0. gn'v flncMtimoa t.«> nuinniit. Ft.. Tn. 

8. lth»ck irraptolitio band (probably passago-Kono) 0 tJ 

7 . (trey witii linrd gritty baii<l uboiit I iiieii 

w i(b* at 1 8 

n. Sbab* Imiid ; zone of Uastritr^ nuurimuA 1 (1 

.''v (Jrev llagHtonen, uiifoHHili(i*roiiM 1 0 

4. illaek hliale-bund, ju.Ht visible. 


(The b<*<ls an' nninb<*red to corresptnid with those of tin* st real n -sect i<»n.) 


From the nature of the exposure of No. 4, we scarcely cxpocU^d 
to find any fos.*<ils. We suceeeded, howev(‘r, in obtaining a few 
graptolitcH, but these were too fragmentary for Hp(‘citic dticr- 
mination. 

/one o/K. maximns, /hinfl No, 0. — This hand is (‘asily recognizable 
by its charaelcriMti<*. fracttirc and mode of weathering. Jt has 
yielded the following graptolites ; — 


linnfritfn mnTiinun { ( arr. ). C. 
MotonjrajtfiiJi lOiirinnus ( Lapw.). 

■ fjnniifrrun ( Nieli.) ? 

— — — var. vudun, Lapw. 


C. 


, var. jaculum (Lapw.). 


rt^)hnji (Lanw.), 

gaUunHut (Lapw.). R. 


Motwqrapim grnfaritm (Lapw.), 
U.' 

rrnsHHA (Lm)»w,). 

— — nii'olutiin (Lapw.)? 

turnrulafuH ( Ibirr.). U. 

J** talin/ropl UH muituh ( Larr.). 

puhnrm fltarr.). 

toiiKirihi'uiA{'S\v\\.^. C. 
Jlughi'm (Nieb.). C. 


It will be oltserved that in this locality and in the stream -section 
the zone of liaxfritex ma.vlmux is characterized by the abundance of 
Diploffraptux }>elonging to the species IJur/hesli (Nich.), tamanneug 
(Nich.), ovattis (Barr.), and j^cihueiu (Barr.). Tlie first two are by 
far the most numerous. 

The upper limit of the Llandovery Beds apj>cars to l»o well defined 
by the hard gritty band occurring at the base of No. 7. 

8. Fusxtli/froiut Bond . — This differs somewhat in lithological 
characters from the lower graptolitic bands. It is not so black, nor 
is it so soft, being of a more gritty nature. It yielded the following 
fossils 
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Monoffraptui Hisitigm (Carr.). * Mono^aptw pandus (Lapw.). 

— cribpuB (Lap^j. lobi/ertts (M*Coy). 

* - - cf . sartorius (Tullb.). ^ cf. nodifer (Tullb.). 

cf. BpecioBM (Tullb.). Diplograptus Hughem (Nich.). 

•' runcinatus (Lapw.). CltmcLCograptus normodis (Lapw.). 

It is ibis fauna which leads us to believe that the zone is a 
passage-zone, as the fossils marked with an asterisk are characteristic 
Tarannon forms, while the other species are common in the Llan- 
dovery Beds. 

2. The Tarannon Shales. 

(a) Marsh-Meetion , — Unfortunately the lowest beds of the 
Tarannon Shales in this district are not very fossiliferous — at leiiet 
in places which are accessible, for much of the section is obscured 
by buildings and lumber from the adjoining timber-yard. 

At the corner of the road, however, we succeeded in obtaining 
two slabs on which were seen a number of badly preserved Mono- 
graptids. Many of these were too obscure for identification, but we 
have determined M, pnndus (Lapw.), Jl/. Jiimujeri^ var. nudiLs 
(Lapw,), Cyrtograping JMpwortlii (Tullb.), and C. (?)«/>tra/i«((iein.). 

These beds were almost immediately faulted out against the 
Wenlock Hhales. 

(b) Section ojg)o^le the Forge , — The section of Tarannon Shales 
seen opposite the forgo is by far the best in the district, and con- 
tains a rich graptolitic fauna. It was from tliese beds that Prof. 
Lapworth obtained the fossils recorded by him in his ‘ Distri- 
bution of the Rhabdophora’ (Ann. & Mag. Nat. Hist. 1880 , ser. 5 , 
vols. V. & vi.). The strike of the beds docs not appear to have 
been affected by the fault, and they dip 10"^ \V. ot 8. at a fairly 
constant angle of about 55 ^. 

The beds consist of alternations of hard grey unfossiliferous flag- 
stones, with softer black shale-bands containing grai)tolite8. They 
are quite different in character from the Llandovery rocks, and arc 
not so fissile. 

The following is the complete section seen ; the lowest beds occur 
exactly at the corner by the forge, while higher beds come on along 
the road in either direction ; — 


jr u Au. 

13. Soil and loose shale 4 0 

12. Bands of hard grey fla^s, with softer Mams. Unfossiliferous... 2 6 

11. Black shale-band, wiUi graptolitea. Very ferruginous and 

deeply weathered 1 6 

10. Grey flagstones 0 9 

9. Black shale-band, with graptoiites. Very soft, and stained 

yellow 1 0 

8. Grey flagstones 0 9 

7 . Soft black graptolitic shale 0 6 

6. Grey flags, with narrow band of hard yellow grit : all very 

ferruginous 0 5 

5. Soft black shale, with graptoiites 0 9 

4. Unfosailiferous fptej flags 0 7 

5. Black shale, with graptoiites 0 9^ 

2. Grey flags 1 0 

1. Grey, sandy, graptolitio band ; iron-stained above. 

(Base not seen.) 
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Band No, 1. — Lithologically this band differs from any of the 
other graptolite-bearing bands seen in this section. It may be 
roughly separated into two divisions : — 

(n) Lower. Sandy grey lH*d. 

(i>) Upper. Fliiggy betl. sUiinod bright red. 

In the lower of these two divisions the graptolitos are very 
numerous but fragiueiitar}’, and for the most ])art very badly pre- 
served ; thosi^ ill the ujiper division are mure easily determinable. 
W’e obtained the following fossils : — 

ptimius (IjXiyiv;.). C. 1 Nonotjraj^tus ttprciomsi 

rtinvina/na, var, (Lapvv.). < 

— — rj'i^iitis (Nicli.). 0 . , turru uiutuit ( Iturr.). 

(Tulib.). j //rrXv ( Ihirr. ) ? 

llisituferi, viir. nmlus (Lapw.). — y n!it‘t>ins (Ki«* 1 iUt). 

— — , Var. ( bapwj. i't ftihujruptus { Wnw ). 

hn}ntjhtoin'nsis I (tnnari.si'iut (Niiih.). 

The unfossiliferous flagst^)neH are very siniilar throughout ; they 
consist of pule grey flaggy beds, oeeusioimlly somewhat gritty, and 
are otti'U very hard. Niine of the uppiT beds an' Np('ekh‘d. 

Hand No. tl. — This soft mudstone- band has yielded tlie following 
forms : — 


M(mograpfu*> paiulua (Lapw.), 

ruuri/uifus,\ar. (Lipw,). 

rjo//o//f (Midi.). C. 

furru'ulatus (Itarr.). C. 

ef. rygneun (Toriuj.). 


Monograpf ui^'i ur<rolns (Kidili*r). 

vW fi> .\mtsus ('I’ll IIP.;. 

t apil/i(i ( us {'J'lillli. ). 

JUfalih^rujt/us palmvim (Ihirr.). 


Batul So. 5 . — From this band we have identified 


M. tHihjrnpfits tnrricuhituH (Purr.), 

panduH ( Li]»w.>. 

runrjnatuis, var. (I.apw.). 

— Jluiingrri, var. nudim (Liipw.). 

exiguus (Mi»h.). 

crispu^ '{ (Liijiw.;. 

Band No. 7 . — This contains 

Muficf/rnptus furrirn/atiu ( Barr.), C. 
(xignuh (Nirh.). 

— Jluiingen. var. nudus (I^apw.), 
pandoB (Lapw.). 


fitting rapt ns guJaensu (LiiJ)W.). 

FIciiivitjii (Suitor). 

y nrmttns ( Rii'litur). 

Pnitrns (Barr.). 

Vetahtgrapt ns pntnwus (Burr.). 
— — orafas (Burr.). 


Monogrtrpfaa sjn-rinsus ('i’ullb.), 

rrfrojlrjcus 't ('I'ulll).). 

lJipt<grup(iUi taiuaruv'^as (Niirli.). 


Band No. 0 . — This bed is peculiar, becau.so of its being stained 
bright yellow ; it has yielded 


Monograptua pandus (Lapw.). 

— iurriculains (Barr.). 

— criajma (Lapw.). 

exiguua ( M idj.). 

priodim (Bronn). 

Hiaingeri^ var. nudua ? (Lapw.). 


Monograjdua Hiaingeri, yhT.jacxUum 
(Lapw,). 

VttaliMfrupfm ovafua (Barr.?). C. 

pah/ieus ( Burr.). C. 

lletiolitea GcmUcianua (Burr.). 


Band No. 11 . This band consists of black flagg)" mudstones, deeply 
weathered and often iron-stained. It breaks characteristically into 
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lath-shaped frafrmcnts with a splintery fracture. We have obtained 
from it the foUowinf^ : — 

MimttffTfiptw pantfm ('Lnpw.), C. ] 

rtnwinuhm^ Tar. (I.,apw.). C. ! 

f'j'iffuuM (Nirh ). C. j 

affr/iuafujt niopk.). j 

i-rLypi/s (ljn[}W.)» j 

liroiKfhfimniHh (Nich.). * 

fnrrimlnfuH (Harr.). C. | 

— — - rirntrfimenxU (Ijupw.). ; 

, nov. i 

jii>hujrri, var. itudus (Lapw.). , 

, 'fur. vimlum (Lapw.). 1 

(Ijjipw.). • 

Strictly 8{>eaking, this band might Ik? divided as follows : — 

(«r) OrapUilitic Shnlp. 

(h) UnfoRftilifrrouB Flags. 

(<•) Grapiulitie Shale. 

Ihit {h) is of such insignificant fhickness that for practical purposes 
it seems better to group tlie three as one bed. 

It will he evident from these lists that several species of grapto- 
lites are eoniinon to all the liands : for examjde, M<mo^ra^tn9 
f,viijvun (Nich.) and M, turriVahitax (Harr.) range throughout, and 
have ])e(‘n found on the same slab ; Lapw., and 3/. noici^ 

'iiaivs var., Lapw., art* also eoinmonly associated with these. 

(c) Shon-sfcti<ni , — The only other jdaee where we found a 
w^orkahh* section was that seen at low tide on the shore hetw(?en the 
timber-yard and the lodge belonging to the Leiiarth Lunatic Asylum. 
The s(‘ction commenced just at the old landing-stage. 

The dij) and strike remain constant as before, but, owing to the 
fact that beds are denuded along their dip, they arc exjjosed somewhat 
farther to the south than is the case in the road. Lnfortunately, 
where we hoped to find the highest beds the section was obscured 
by sand and shingle, and the rocks next visible were certainly 
of Wcnlock age, since tliey contained MoniHjraptus priothn (Broun), 
M, vomerinm (Nich.), etc. 

We believe that there is a continuous outcrop of Tarunnon Shales 
from the fault (F. 2) to P. 1, the boundary-fault ; but there are no 
good exposures, as the ground is chietly a grassy slope. The presence 
of these beds was therefore in most cases inferred by the disappear- 
ance of the feature invariably formed by the Wenlock Shales. 


Mortngropfuf t/perinttm (TuUb.). 

cf. cijynma (Ttirnq.). 

priofJon (Hr<»nTi). 

— ■ - rotirhi77UH{y), Ijapw. 

? vrrcthifi (RirlUer). 

Vvtaloijrapfuni ovafvtt (Harr.). 

p^/////rw^' (Harr.). C, 

IHjilfprnpiux famari^ts (Nich.). 
Ilv’fh'Hii (Nioli.). 

(Barr.). 

oftemu* (Lapw.). 


3. The Wenlock Shales. 

A considerable thickness of Wenlock Shale underlies the lowest 
band of Denbighshire Grit in this district. The outcrop assumes a 
curious form to the west, owing to the presence of the fault (F. 1) 
atid to the configuration of the ground. 

Lithologically, the beds differ markedly from the underlying 
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Tarannon Shales; they are generally harder, of a lighter, often 
^{>cckled colour, and in places very sliivery. The fossils are fairly 
'Veil pnvHenred, but, owing to the direction of the cleavage, are often 
difficult to obtain. The beds change their strike somewhat as they 
approach the faults, being in each case bent up towanls them ; this 
is esj)ecially well marked in the case of the fault which forms the 
boundary of the Silurian rocks to the west. ^Ve were fortunate in 
having several workable exposures on the hillside, and these wo will 
proceed to describe in some detail. 


(i.) Sections West of Fault (F. 2). 

(a) Section iS. ir. of Jiosf MlU Farm . — The sections exposed near 
Jlosc Mill Farm arc of small extent. They an* c!ii('fly interesting 
as show'ing the alteration in the strike of the lanis as t best* approach 
the fault. ll(‘re the strike is 20 N. of W., while as a general rule 
it is N.of W. The fossils here are for the most jmrt. but poorly 
prcservt‘d, but we have identified MomKfrafttas Tullb., 

J/. Nidi., M, hrowfhtonnmin (Nieh.), and CifrtoijraptvM 

^Iurchison}\ (’arr. At lloso Mill Farm itself the shah's are very 
Bbivery, and from the nature of the rock no fossils weie obtainable. 
Here and south of the farm the strike is 15” N. of W. 

(ii) Seck'nrmonni . — An exceedingly g(M)d section is (*xposod along 
the rough cart -tru(^k which leads nj» from the road, jmst Neckannoiint 
House, to the farm. 

The l>eds apjK^ar to come on about lf>0 yards above (Jyffin Hood ; 
they dip steadily into the hill to the H.S.W. at a high angle of 
about 50 , and maintain a constant strike lO' N. of W, The 
shabis do not appear to ho equally fossiliforous throughout. In 
some hands graptedites are abundant, while others ajipear to ho 
quite unfoHKiliferouB. The fossiliforous hands yielded Moaoiirapiaa 
j)rio(hn, Hrotin, M. vomerinus. Nidi., M. perHonatuHy Tullb., A/. 
•flex\ion\L9^ Tullb., M, JJi^ln^eri^ var. JjOpw., and Vyrto^ 

grufthis sp. 

F)a.st of Ncckarmonnt the harder nnfossilifenuiH hands are exposed, 
at the top of a sudden rise of ground. Here the din^ction of striko 
changes Uj 20^ N. of W. This is evidently duo to t he presence of 
the fault (F. 2), which is at this place in close proximity. 


(ii.) Sections East of Fault (F. 2). 

(a) Road^iection . — As mentioned alxive, the Wenlock Shales are 
faulted against the Tarannon Shales to the west. Unfortunately 
the beds here arc so deeply weathered that fossils arc exceedingly 
rare, but the change in the chanicter of the rocks, in addition to 
palseoutological evidence, enables us to affirm with some certninty 
that the beds are of Wenlock age. The only grapudites obtainable 
were Jdonogrnptus vomeriniu^ Nich. (1 sjKJciinen), M, flcjcuosui, 
Tullb. (1 specimen), and Cyrtograptm ? (1 specimen). 
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(P) ffiIUide~$ection4 , — On the hillside, immediately aboTe, the 
exposures yielded several graptolites, belonging, however, to but 
few species : Monograptut priodon, Bronn, M. pertontUut^ Tullb., 
2d, vonurinus^ Nich., and M . flexuows^ Tullb. 

This exposure was traceable, with interruptions, round the hill to 
above the lodge leading to Benarth Asylum. 

(y) Shore-section, — The section of Wenlock Bhales exposed on the 
shore at low tide is very complete. These beds first api)ear just 
below the end of the lodge garden, and continue for some distance 
along the shore. The lower beds are very shivery in character, but 
as higher beds are reached they become more compact and finally pass 
up into the hard fiagstoncs with intercalated grit-bands belonging 
to the series of Denbighshire Grits and Flags. The following 
fossils were obtained : — Monograpitts jirrlodon^ Bronn; M,p€rsonatuM^ 
Tullb.; M, vomerinus, Nich. 


4. The Denbighshire Grits and Flags. 

The boundar 3 *-lino between the Wenlock Shales and the Den- 
bighshire Grits and Flags east of the fault (F. 2) is approximately 
correct; but between this fault and the western limit exi> 08 ure 8 are 
rare, and the boundary cannot be fixed with any accuracy, Quito 
near the western fault exposures are more abundant, and the 
alteration of strike near the line of disturbance is perfectly evident. 


V. CoBEELATION WITH OTHEB ArEAB. 

1. The Llandovery Rocks. 

The general character of the graptolites found on the bank of 
the stream and in the road-section shows that the beds are nearly 
related to the Up])or Birkhill Bhales of Southern Scotland, and also 
to similar beds occurring in the Lake District and elsewhere. 

We do not think that it is |x>s8ib]e to trace at Conway all the 
minuter subdivisions recognized at Moffat, but certainly our highest 
bund (No. t> of the stream-section) corresponds with the upjiermost 
lone of the Birkhill Shales, namely with the zone of Hastrites 
nuijcimus. The bands below (Nos. 2 and 4) may subsequently be 
found to be the equivalents of lower zones, but in the present state 
of our knowledge it is wisest to say only that the beds contain 
an Upper Birkhill fauna. The following table shows the species 
common to the beds in various areas : — 
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CoHWAT. 


UandoTejrj Beds. 


Scotland. 


I Zone of 


Upper 

Birkhitl. 


Lakk District. 


Middle | Upper 
Skelgill. { Skelgill. 


♦ Hoftritet maxintM (Carr.) 

(femmatus (Barr.) 

* dtiitam (Ijipw.) 

prretfriuus (Barr.) 

• Monaprajitus anfutua (Ijapw.) ... 

Jltirramfii (Tullb.) 

* conrirmtijf (Ijiipw.) 

• ci/j)hu.<i (I^Jipw.) 

cruj^uii (lAipw.) 

• ^cgarim (I.dipw.) 

gtt/urnsia (IjHpw.) 

— — JIi»ingrri, .nud un(ljiii^vr .) 
— — ini'iduttm (liiipw.) 

* lofufrruji (M Uoy ) 

j runrituifuft (liiipw.) 

' * ftfnntt/erui^ (Nicli.) 

i • turricuhitun ( Barr ) 

i VeftiltHfraiituti (tvatuii [\\i%TT.). ... 

, • Uiphtgrapt Hs UnghcnU (NlcIl.) ... 

I ♦ pahnvim (Barr.) 

j HiHuattm ( Nich.) 

; ♦ tatnarii*cu» (Nidi.) 

i • Climaco</raptus nomiulU (Lapw.) 



♦ » » # 
# » * i # 


Ckntral 

Walks. 






* 

« 


« 


As shown hy Uiis table, the correspondence between the fauna 
of the Conw’ay Ms and that of the Upper Jlirkhill Shales is very 
close. Ah the study of our foKsil lists will show, the sfHicios are 
by no means evenly distributed throuj^hout the three hands. 

Som<* forms, w hich are very rare in the zone of IhatriteH maximvs^ 
are fur more characteristic of the Tarannoii Hhalos; such, for 
instance, us Mon(nfrapiU 9 Uirrindatus, M, jHindiiH, and 

M. liarrandii. Others occur more abundantly in the lower hands 
(2 and 4), and may indicate .the prcHenee of low er zones. Mono- 
yraptm (jrffjariuH is fairly common in band ^'o. 2, hut we have 
succeeded in obtaining only one sjiecimen from the zone of li(istriie$ 

RasiriteM ptregrinu% was found only in tlie lowest hand (No. 2). 
The poverty of the fauna from this low est band w as no doubt in part 
due to the verj' small extent of the exposure ; had we been enabled 
to work it better, we probably should have found it |iOssible to 
definitely determine its age. 

2. The Tarannon Shales. 

The correlation of the lowest fossiliferons band of the Tarannon 
Group is a matter of some difficulty. We did not succeed in finding 
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Mtmoffraptm turriculatux; but tbe fauna, on tbe whole, shows 
affinities with the underlying and overlying beds, and we therefore 
consider that it is of the nature of a passage-bed. We do not know 
its exact equivalent in other areas. 

The main mass of the Tarannon Shales may be correlated with 
the lower of the two groups into which Trof. Lapworth (Ann. 
& Mag. Nat. Hist. ser. 5, voIh. v. & vi. 1880) has divided the Gala 
rocks of the Southern Uplands of Scotland — that is, the zone of 

It (loos not seem possible to recognize here the two sub-zones 
defined by Messrs. Marr and Nicholson (Quart. Joum. Geol. Soc. 
vol. xliv. 1888, p. 054) in the Lake District. There they found 
(1) zone of Monograptus turriculatus (Harr.) and (2) zone of 
3/. crisps (I-rfipw.). in our beds 3/. tiirriculaius and 3/. eu igaus 
range together throughout, but it is noticeable that the genus Itetio- 
liie4t is confined to the uppermost members of the series. 

The following table shows the relation of the Tarannon Shales of 
Conway to beds of similar age in the Lake District and Southern 
Scotland ; — 


Conway. 

Lake District. 

South Scotland. 

Tarannon Shales. 

Browgill Shales. 

Lower Gala. 

* M<ytM(jraptu» lifcki (Barr.) 



hroiigh^oiinmn (Nicli.) 

« 


* crivpna (Dipw.) 



amcinnm (Lapw.) 

* cxiqum (Nieh.) 


» 

« 

FUmivqii (Salt.) 


« 

qnlamsiif (Lipw.) 

1 

« 

r . w Hdn»{ Lap w , ) 

« 

* 

prUxltin (IJrtnin) 


« 

* ■ ■ j»<mdu» (Lapw.) 

♦ 


nnu'inatua, var, ) ••• 


» 

• CyrftHfraptus »jnraH» ((Jem.) ... 

I » 


Petaloifrapfm ovatu» {^w.) 

i 

* 

(Itarr.) 

1 « 

» 

PipUnprapfut! fattiaHitcuii (Nidi.) 

1 

1 

* 

* liefiohfeif Grinif^ianus 

1 ♦ 


* obe 4 fU» (Lapw.) 

! « 

! 

* 


It is interesting to note that several of the graptolites found in 
the Tarannon Shales of Conway seem to be identical with many 
Swedish forms of the same age. 


3. The Wenlock Shales. 

The corrdation of these beds is matter of no difficulty ; they seem 
to be the equivalents of the Pen-y-glog Slates of the Dee Valley 
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(Lake, Quart. Journ. GeoL Soc. vol. li. 1895, p. 9), the Brathoy 
Flags of the Lake District (Marr, Geol, Mag. 1892, p.535), aud the 
liiccarton Flogs of Scotland. 


OoNWAY. 

Dki Valley. 

Lake 

PlSTKltT. 

Scotland. 

Wcnlock Shale, 

Pcn-y-glog 

Slates. 

Brathny 

Flags. 

Riocarton 

BiKis, 

Monrujraptm priotltm (Brtmn). 

t'Oinrrinujtj \ich. . .. 

tt 

n 

* 

« 

fKr»,inatu« (Tullb.) 

Cyrto^raptus Murchiitoni (Carr.) 

t 

* 

* 



There also occurs at Conway Mono^rajUim Jk^vuo8U8^ which is a 
Swedish form of Wcnlock Shale ago. 


4. The Denbighshire Grits and Flags, 

The Denlnghshire Crits and Flags, from their jxmilion above tho 
*NVcnlock Shales, arc in all probability the <‘(|uiviileiitH of the beds 
overlying tho I’en-y-glog Slates in tho Dee Valley, which Mr. l-ako 
has shown (op. cit,) to be of Lower Ludlow age. 


Ajtprojnmaie Cttrrelation of Buis* 


Conway. 

Centhal W^amh and 
Wkhtern Knoland. 

Lake 

Diwtrkt. 

Scotland. 

Denbighshire Gfita 
and Flags. 

[ yglogOnt. 

Culdwcll Beds. 


Weolock Shales. 

Wenlock Shales (Pen-y-glog Slate). 

Brathny Flags. 

Hicenrton Flags. 

( Upper beds absent ) 

Tarannoii Shales. 

1. Zona of Beiiolitea Geinihianua, 

C. Oroya. 

2. Zone of Jmmoyrapfua turrictUo’ 

1 tu8j M. axtyuua^ etc. 

Upper Ilrowgill 
Beflh. 

Lower Browgill 
Beds. 

Upg?r Gala 

Lower Gala 
Beds. 

Upper LUndorery 
Beds. 

Llandovery Beds of Cardigan and 
Dee Valley. 

Upper Skelgill 
Shales. 

Upper Birkhill 
Shales. 
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From the facts brought forward in the present paper it is evident 
that rocks of Llandovery age do occur in North Wales, and hence that 
the stratigraphical break in that region between the Silurian and 
Ordovician rocks is, at any rate, far less actually than has hitherto 
been Bup{>oscd. 

The tyjK? of Llandovery rocks developed at Conway is more closely 
related to that of Southern Scotland and Northern England than to 
that of the typical Welsh Er)rd€^rlarid area, and it is interesting to 
observe that hero, at any rate, deep-water conditions prevailed from 
Upper Llandovery to Wenlock times. 

With regard to the Tarannon Shalos, Wenlock Shales, and 
Denbighshire Grits and Flags, they differ in no essential resjKJCt 
from those found in the Dee Valley, which have been recently shown 
(Lake, Uuart. Journ. (leol. Soc. vol. li. 1805, op.cit.) to be the 
normal type, and therefore require no further comment. 

Our best thanks are due to Mr. J. K. Marr, F.ll.S., and Prof. 
Charles Lapworth, F.lt.S., for much kind help and assistance in our 
work. 

Discussion. 

The President said that the Authors of this paper had made 
an exhaustive survey of a limited area, collecting the fossils and 
oorrelutirig with care the graptolit«‘S from each horizon. Such work 
deserved the Society's jjrnise, Jis following the example of Prof. Lap- 
worth and other careful workers. Such accurate field-work, coupled 
with ouretul ])ala'ontologicul results, was of the greatest value. 

Dr. Hicics said that he had listened with much interest to the 
pa|M‘r, and he hojied the Authors would c,ontinue their researches 
into other areas in North Wales, for it is highly important that the 
fossil-zones in the beds forming the base of the Silurian in that area 
should Iw clearly defined. He had not examined the sections referred 
to by the Authors, but some years jigo he found that the sandstones 
on the eostiTn side of t lie Conway valley (towards Llanrwst) con- 
tained yematophyc\i9 and other fossils characteristic of the Pen-y-glog 
Beds near Corwen. He would have liked to hear whether the 
Authors considered that the deep-water beds of U p|)er Llandovery 
age at Conway rested directly on the Bala Beds, and whether there 
was an entire absence of the beds near Bala classed by Mr. Buddy 
as Lower Llandovery. 

Mr. W. W. Watts congratulated the Authors on a most admirable 
piece of work. He ^minted out how the Upper Llandovery rocks had 
been gradually recognized and extended. There was no gap between 
those of Shro])shire and of Conway, for the rocks had been recognized 
on the Breiddens, near Meifod in Montgomei^’shire, and in the 
Berwyns. There appeared to be no evidence of conformity between 
the Ordovician and Silurian rocks in the Conway district, in spite 
of the fact that somewhat deep-sea beds had been found there. 
He hoped that the Authors would recognise the Monoyraptus 
colonus- and M, hintwarduuiui9''bed& in the Denbighshire Grit. 
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15. Evidehcto of Glacial Action in Auwtralia in Pkrmo-Carbo- 
NIFEROU8 Time. By T. IV. Edgeworth David, Esq., B.A., 
F.G.S., Professor of Geology in the University of Sydney. 
(Road February 5th, 

[Plats XIL] 

COMTKJJTS. 

Page 


I. Work done hy prerioua Okjaervors 28U 

II. ()bHervali<»ns by the Author 

III. Correlation of the Olneial De}H>8it(i 

IV. Provisional Deductions 3tK) 


The subject of which this paper trents has nlrcMidy bet*Ti traversed 
by the author in his Presidential address to the Geological Section 
of the Australasian Association for the Advancement of Science, at 
its meeting at Brishune in January 1895. 

The author hopes, however, that the presentation to this Society 
of a summary of thest* previous rec(»rda, — with the addition of his 
subsequent field-work in 1895, — wdll be justified by the opportunity 
now given of a discussion which wdll be of immense benefit in 
furthering an important and interesting branch of geological investi- 
gation. 

The personal observations recorded in this paper are the result of 
13 years’, more or less constant, field-work in Australia. 

I. Work done bt previous Obrkrvrus. 

The first actual record of evidence of ice-action in Australia is 
probably that made by Dr. A. R. C. Selwyn in 1859.' 

The statement is as follows : — ‘ At one point in the bed of the 
Inman I observed a smooth, striated, and grooved rock-surface 
presenting every indication of glacial a(;tion. The bunk of the 
creek showed a section of clay and coarse gravel, or drift, comjiosed 
of fragments of all sizes irregularly interbedded through the clay. 
The direction of the grooves and scratches is E. and VV’. in parallel 
lines : and though they follow the course of the strc'am, 1 do not 
think they could have been produced by the action of water forcing 
pebbles and boulders detached from the drift along the bed of the 
stream. This is the first and only instance of the kind I have met 
with in Australia, and it at once attracted my attention, strongly 
reminding mo of the similar markings 1 had so frequently observed 
in the mountain-valleys of North Wales.’ 

These very important observations appear to have been lost sight 

' * Geological Notes of a Journey in South Australia from Jarvis to 

Mount Serle,* by A. B. C. Selwyn, Parliamentary Paper, no. Adelaide, 

1859, p. 4. 
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of for about 35 years, and Australian geologists have not yet had an 
opportunity of confirming them ; but the subsequent discoveries 
in this neighbourhood by Prof, llalph Tate, of Adelaide University, 
leave no doubt as to their accuracy. 

In 1800 the Ilev. W. B. Clarke* recorded the existence of a few 
‘ blocs |»erche8 ’ in the Australian Alps. 

In Sir Richard Daintree '"* recorded evidences of ice-action 
in tlic districts of Bacchus Marsh and Ballan, in Victoria, in those 
words: — ‘ Here [on the Lerderberg River, Bacchus Marsh, Vic- 
toria] I have found a few pebbles grooved in the manner I have 
read of as caused by glacial action.’ 

This observation has been confirmed by several geological workers, 
including the present author ; and glaciated boulders from near this 
locality were exhibited at the meeting when this pojKT was read. 

In 1877 Prof. Ralph Tate^ discovercHl a glaciated rock-pavement 
c^p|M:d by glacial beds at Hallctt’s Cove, near Adelaide, and on 
May 7lh of that year he recorded his discovery in a course of public 
lectures. The glaciaU*d rock-i»avement is described as being of 
Arch man age and as forming the summit of the sea-cliff s for a dis- 
tance of about a mile in a N. and S. direction, with a width of a 
few’ yards, and as terminating inland against a low mural escarpment 
of Miocene limestone. Recent oliservations by Mr. A. W. How- 
chin, Prof. Ralph Tale, and the author, show that this pavement 
extends for at least \ mile under the Miocene limestone. The 
glacial beds which intervene betw een the pavement and the Miocene 
limestone an* stated to contain blocks of rock derived from an area 
about Ji5 miles to the south. The pavement is described as being 
smoothed and striated in a north-and-south direction, and as 
show’ing evidence that the ice w'hich caused the striatioii came 
from the south. 

In 18711 Mr. R. L. Jack* recorded his discover}’ of blocks of 
granite, slate, etc., contem|»oraneou8ly embedded in strata of Permo- 
Carboniferous age, in the Bowen River Coalfield, Queensland. The 
presence of these blocks is attributed by Mr. Jack to the action 
of floating iee. 

In 1879 the late Mr. C. S. Wilkinson* recorded what he con- 
sidered to bo evidence of glacial action in the Triassic Hawkesbury 
Series of New* South Wales. This evidence consists of disrupted 
musses of clay-shale, of all sizes up to 20 feet in diameter, embedded 
in sandstone. 

* ‘Researches in the Southern GoldGelds of New South Wales/ Sydney, 
ISfW, p. 22:\ 

'' Geological Survey of Victoria. * Report on the Geology of the District of 
Ballan, including Remarks on Uie Age and Origin of Gold, etc/ By Richard 
Daintree, MellK>unie. liStRi. 

* See Rep. Austr. Awikt. Adv. Science, toI. i. pp. 231-232, Sydney, 1887 ; 
ibid. Tol. T. p. 31, Adelaide, 1893; also Trans. Roy. Soc. S. Austr. ?oi. ii. 1879, 
p. Ixiv. 

* * Report on the Bowen River Coalfield/ by Robert L. Jack, p. 7, par. 39, 
Brisbane, 1879. 

* Joum. Roy. Soc. N. 8. Wales, vol. xiii. 1879, * Notes on the Oocurrenee of 
remarkable Boulders in the Hawkesbury Bocks/ pp. 1U5-1U7* 
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In 1884 Mr. R. M. Johnston * of Tasmania describod the occurrence 
of erratics, some over a ton in weight, in the Permo-Carboniferous 
rocks of Maria Island, Tasmania. 

In 1885 Mr. R. 1). Oldham^ visited Branxton in New South 
Wales (where Mr. C. S. Wilkinson had the previous year disoovon^ 
some large erratics), and found one small boulder which ho described 
as being uninistakably striated and {Hjlislied by ice. This deposit 
is of Permo-Carboniterous ago, and probably homotaxial with the 
erratic- beds of the Bowen River Coalfield, (iuoeiisland, and those 
of similar age in Tasmania. Mr. Oldham corndates the Branxton 
beds with those of Bacchus Marsh in Victoria, and suggests that 
they may be the equivalents of the TiiJchirs of India. He also 
suggests that during the deposition of these beds ‘ there was a 
widespread glacial t*poch c(»rresponding to that which is known to 
have occurred in post -Tertiary time.* 

In isst) Mr. B. M. Johnston ' recordtal further evidence of erratics 
in Permo-Carboniferous rocks at One Tna' Point, Bruni Island, 
Tasmania. Tlicv are embedded in marine strata with which is 
associattsl Hfutthidata^ M‘Cloy. 

In lss7 the author ‘ recorded the occurri'nco of numerous cTratios 
in Permo-C arboniferous strata at (irasstnu* in New S(Uitb Wales. 

They are mostly rounded, seldom angular; none obH(‘r\'ed were 
distinctly glaciated, though mai\y were faintly striated, iMJSsibly 
through earth-movements. About the same tiim^ the author 
observed, near Branxton, a Idock of granite nearly a ton in weight, 
embedded in the Permo-( ’arboniferous strata in such a jxmition as 
to leave n<> otlier exjdanation possible than that it had been droppisl 
from floating ice. (A photograph of this was exhibited at the 
meeting. ) 

In IhbO the late Dr. Feistmaiitel ' eorrelated the Bacchus Marsh 
Beds of Vict<)ria and the Upper and Lower Marino Beds of New 
bouth Wah^swith the Dwyka Uonglornerates of Sout I ktu Africa, and 
with the Talchir Boulder-beds of India. The /Vof/itr/?/#-lirnesto!io 
which in the Salt Jtiinge caps the Talchir Boulder- beds afforded 
paheontologiral evidence for the above corrtdulion. 

FeistmanUd summarizes the evidence as follows ; — ‘ This eircura- 
stance [the occurrence of ice-scratched boulders in f,ho strata] 
would, of course, indicafe a rather general change of climatic 
condif ions over Australia, portions of Africa, India, etc. towards the 
close of the Carboniferous ej>och. But I do not think that it was 
contemporaneous over that whole region, and it appears to me that 
it set in first in Eastern Australia (New South Wales), destroying 

' Proc. Boy. Soc. Tasmania, 1884, p. Ixv. 

* Bee. G**ol. Surv. India, vol. xix. pt. i. p. 44. 

* Proc. Jtoy. Soc. Tasmania, 1880, pp. 23-24. 

4 ‘ Eridencse of Glacial Action in the Carboniforous and flawkoabury Series in 
N. 8. Wales,’ Quart. Jouni. Geol. Soc. vol. xliii. pp. BKJ-Kifi, 

* *The Geological and Paheontological Bclations of the Coal- and Plant- 
bearing Bede of PaUcozoic and Mesozoic Age in £. Australia and Tasmania,* 
Mem. Geol. Surv. N. 8. W. PaL No. », pp. 46, 47, 181. 

Q.J.G.S. No. 206. X 
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the Carboniferous 6 ora at an early date, while in Southern Africa 
we find still a Carboniferous or Coal-Moasure flora of a higher 
stage, and only hereafter the change of climate appears to have taken 
place there. AVhen the conditions of ice-action ceased, there ap- 
]>eared in Africa, India, Victoria, New South Wales, etc., a luxuriant 
flora of a pc^culiar character, which was, however, foreshadowed by a 
few forms in the Ix)wer Coal Measures in New South Wales. In this 
period fulls the deposition of the Karoo Formation in Africa, the 
Gondwilna System in India, the Newcastle Beds, etc., in New^uth 
Wales, the Bacehus Marsh Beds in Victoria, and so on.’ 

In 18fK> Mr. E. J. Dunn * published a very* important paper on 
the glacial <(mglomcrateB of Victoria. He showed that they were 
widely distributed on either side of the Main Dividing Range of 
Victoria, Wild Duck Creek near Heathcote to the north, and 
Bacchus Marsh to the south, being the principal localities. He 
described the glacial conglomerates as consisting of fragments of 
rock up to BO tons in weight, mostly well round<*d, frequently 
])oIished, strongly striated, grooved and faceted, more rarely angular, 
emhodd(‘d in a groundmass of a prevailing dark grey colour. The 
rocks constituting the boulders are stated to l)e for the most pari 
foreign to the district. Mr. Dunn says (op, cit. p. 450), ‘ No other 
conclusion can he arrived at than that floating ice has been the 
Jigent by which the material has been brought into its present 
]>o 8 ition .... Tasmania may have furnished some of them ’ [t. e, the 
erratics]. 

In 1891 Mr. (1. B. Pritchard * n^corded the occurrence of glaciated 
rock-surfaces at a spot to the north of the township of Curramulka, 
on the eastern side of Yorke Peninsula, South Australia. This 
evidence can bo confidently correlated with that previously dis- 
covered by I’rof. Ralph Tate at Hallett’s Cove. 

In 1892 Mr. E. J. Dunn * ]>uhli 8 hed another important and well- 
illustrated rej»ort relating specially to the glacial deposits of Wild 
Duck Creek. Mr. Dunn recorded therein his discovery' of a strongly 
glacioted rock-surface near Wild Duck Creek, the strim trendmg 
north and mnith. The altitude of the upper portion of the glaci^ 
eonglomerale is stated to bo about 700 feet above the sea. 

In 1892 Messrs. Dunn and T. B. Moore* published evidence of a 
glacial conglomerate, 3000 feet above sea-level, near Zeehan in 
Tasmania. The included boulders were found to be beautifully 
striated. This formation should, in Mr. Dunn’s opinion, be corre- 
lated with that of Bacchus Marsh. 

In 1893 Mr. T. B. Moore * recorded the oocorrence at Mount 
Tymdall of a glacial conglomerate, considered by him to be of 

• 

^ Bep. Austr» Assoo. Adv. Sdenoe, vol. ii. pp. 452-456, Melboone, 1890. 

* Trans. Roy. Soc. South Australia, voL xr. (1891-92) p. 1^. 

* * Notss on the Glacial Conglomerate, Wild Duck O^k,* by S. J. Dunn, 
F.G.8. ; SoMial Reports, DepsHment of Mines, Victoria. Melbounic, 1892. 

* Proc. Roy. Soa Victoria, n. a vol. vi. (1894) pp. 133-138, pi. viii. 

* 'Disoorery of Glaciation in the Viesnity of Mount Tyndall, in Tasmania,’ 
•by T, B. Moore^ Proe. Roy. Soc. Tasmania, 1893, pp. 147-149. 
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tbe same ^logical age as that already referred to near Zeehan. 
Its altitude was estimated to bo ti500 feet. 

In 1893 Mr. A. Montgomery questioned the accuracy of Mr. T. 
B. Moore’s determination of the geological age of the glacial oon- 
glomorato at Mount Tyndall as being Permo-Carboniferous, and 
suggested that it might be a re-distributed Permo-Carboniferous 
conglomerate glaciated perhaps in Tertiary time. 

In 1893 Messrs, (tniham Officer and L. Balfour * published an 
account, well illustrated, of the Bacchus Marsh conglomerates. 
They considered the glacial congloroerjites referable to two distinct 
epochs, one belonging to Perrao-Carboniforoiis, the other to Tertiary 
time. In a subsequent paper,* however, they withdrew their 
opinion as to tlm evidence in this neighbourhood of any Tertiary 
glaciation. 

In Septeral)er 1S!».3 Messrs. G. Sweet and C. C. Britilobank ^ 
published an important pH[»er on the glacial de{>osits of the Bacchus 
Marsh district. They proved sul isfuciorily, in the author’s opinion, 
that none of the glacial dt'posiU th<‘re observable were referable to 
Tertiaiy* time, but all belonged either to a late Palroo/oic or early 
Mesozoic age. They d<*Hcnbed the glaciated rock-surfucos previously 
discovered by Mc^ssrs. Brittlcbank and Graham Officer, quoting evi- 
dence to show that the Htriie trend from S.W. towards N.E., and that 
the ice which produced them moved in a north-easterly direction, 
lliey estimated the thickness of the glacial beds at about r»00() feet, 
and determined their elevations as ranging from about 700 to 1400 
feet above the sea. The sandstones near the top of the glacial series 
contain (Jnntjamojti^iM anf/iutifolws, M‘Coy, 0, ohli<funy M‘Coy, and 
O. spathulnta, M'Coy, while in shaly sandstones on a somewhat 
higher horizon fragments of plants rosombling Schizoneura, Zeugo- 
phjfllitest etc., have been observed.* 

In November 1894 Mr. T. S. Hall* contributed a note on the 
bibliography of the Bacchus Marsh Glacial Deposits. 

In January 1895 the author submitted the report by Prof. 
Halph Tate, Mr. Walter Howchin, and himself on the Evidences of 
Glacial Action at Hallott’s Cove to the Australasian Association for 
the Advancement of Science. This is published in the volume for 
1896 issued by the Association. On April 3rd, 1895, Mr. Walter 
Howchin contributed a paper on the same locality,* in which he 
gives a detailed account of the glacial phenomena, and arrives at 
provisional deductions. 


* Proc. Boy. Soc. Victoria, n, r. vol. v. (1893) pp. 45-68, ph. x.-iii. 

* Jhid, n. t. Tol. vi. (1894) pp, 139-14^ 

^ Bop. Aoftr. Amoc. Adv. ^enoe, vol. ▼•JPp. 376-389, Adelaide, 1893. 

* Aimual Beport of the Seoretarv for lunea, Victoria, for the year 1898, 
pp. 18-19. Melbourne, 1894. 

* 'The Victorian Naturalist,’ Mdboume, 1894, pp. 125-128. 

Tram. Boy. Soc. South Auatralia, vol. six. pt i. pp. 61-69. 
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II. Latest Obsebtatiovs bt the Author. 

(a) Hallett^s Cove. 

In December 1 894 the author visited Hallett’s Cove, near Adelaide,, 
in company with Prof. Ralph Tate and Mr. A. W. Howchin, with 
the view of determining the ({uestion as to whether the glacia- 
tion was post-Miocene or pre-Miocene. This question bad been 
discussed on the ground, during the meeting of the Australasian 
Association for the Advancement of Science at Adelaide in 1893, by 
i*rof. Ralph Tate and a party of the members. For the purpose of 
finally settling the question, the Association placed the sum of £20 
at the disposal of the members of their Glacial Committee, to enable 
them to cut a trench from the glaciated rock-pavement, across the 
outcropping edges of the glacial beds, up t o the base of the Miocene 
limestone. Trenches wore cut under the suj)ervi 8 ion of the above- 
mentioned members of the Committee, and with the pt*rmission of 
Mr. W. Iteynell, and these excavations proved conclusively that the 
glaciation was pre-Miocene. Tliese results have already been 
communicated by the Glacial Committee to the Australasian Asso- 
ciation for the Advancement of Science.’ Rriefly summarized, the 
Report is as follows : — 

The formations represented at Hallett ’s Cove are : — 

1. Pre-Cambrian rocks, consisting of hard, purplish-red day- 

slaU's with greenish bands, grey (|uartzites, and thin bands 
of siliceous limestone. The prevalent dij) is W. 19^ to 20® N. 
at from 40® to 78 . Wherever a fresh surface of these rocks 
has been exposed by the denudation of the overlying glacial 
beds, it is seen to bo smooth and strongly glaciated, the stri© 
bi'ing sharply cut and as freshly preserved as though they 
had resulted from recent glacid action. Their trend is 
nearly north and south, and it is clear that the ice which 
produced them came from the south. The glaciated surface 
ascends to about 100 feet above sea-level, and descends to 
probably a considerable depth below the sea -level. The 
length of the glaciated surface preserved is about 1 mile, 
and its width about ^ mile. 

2. Glacial Beds, consisting of reddish-brown clay-slates, sandy 

in places, and fairly well stratified, especially in their upper 
portion. Downward they pass into sandy, greyish-brown 
mudstones, containing well-striated boulders in abundance : 
the latter occur only sparingly in the upper portion of the 
deposit. Erratics, chietly of porphyiitic granite, and up to S 
tons in weight, are embedded in the strata at intervals. They 
belong chiefly to a variety of granite occurring in place (dixit 
R. Tate) at Port Victor, 35 miles south. The glacial beds are 
from 23 to more than 100 feet thick, descend below sea-level^ 
and ascend to over 100 feet above the sea. No trace of any 


^ Bep. Auitr. Aatoo, Adv. Senetnoe, Brisbane, 1895. 
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organism has yet been met with in these beds. The matrix 
has evidently been derived from the wearing away of the 
lociil pre>Cambrian rocks, whereas many of the erratics are 
foreign to the neighbourhood. 

3, Mim*ene limestone and Miocene (?) clays. The former is 

sej)arated by a slight unconformity from the underlying 
glacial btMls. It varies in composition from that of an 
arcnact^>us limestone to that of a calcareous sandstone, 
having a thickness of from 2 to li foot. The following are 
some of the marine fossils contained in it, its determined by 
Prof. Ibilph Tate : — Plrmistrmt St.-Vinernti, Ten, Woods, 
Ptcifn spon(iif1oi(/fSt 1'afe, Tate, Pet- 

tnnculHs convi\nts^ late, Comtrochm (iSeguenaa ?). 

The limestone passes iij»\vartl into clays, perhaps also of 
Miocene ago, and about <>0 feet in thickness. 

4, Ileecntt?) nodular travertine, about to 4 feet thick. 

5, lUown sand and Iwach sand, resting successively on all the 

preceding formations. 

It may be concluded that, os proved by the transport of the erratics 
and the grooving of the rock-pavements, the ice which produced the 
glaciation moved from south to north, and tlmt it was of an ago intor- 
mwliate bet ween Miocene and Pro-Cambrian. The cora]>arativoly 
slight induration of the glacial beds and remarkable froshmsss of 
the stritt suggest that the glaciation did not antedate the close of 
the Paheozoic era, as all rocks older than this in Australia arc 
considerably indurated. 


(Z») Wild Duck Creek, Dcrrinal, near Ilcatbcote. 

The formations hero represented are : — 

1. Lower Silurian (Ordovician), which in places exhibit strongly 

grooved polished surfaces, the trend of tlie grooves being 
from S. 5 El. towards N. 5® W, 

2, PeriiKHCarlionifcrous Glacial Beds, consist ing chiefly of mud- 

stones, with erratics up toIiO tons in weight, and sandstones. 
Nearly all the erratics and small boulders are beautifully 
glaciated, being grooved, polished, and faceted. Tin; bo<lshave 
been traced by Mr. Dunn for 15] miles in a north and south 
direction, and they have a width of 5 miles. They attain an 
elevation of about 750 feet above the sea, and have a thick- 
ness of probably at least 3<J0 or 400 feet. Jk)tb Mr. Dunn 
and Mr. A. W. Howchin are of ojunion that the erratics re- 
semble the rocks of North Gippsland in Victoria, the age of 
which ranges from Silurian to Carboniferous. Hero, as at 
HalletPs Cove, the glaciation of the rock-pavements shows 
that the ice probably came from the south. (Photographs 
of the glacial^ Lower Silurian rock and of the large erratic 
known as ' The Stranger ’ were exhibited at the meeting.) 
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(c) Bacchus Marsh. 

This district was examined by the author in company with 
Messrs. G. Sweet and Charles C. Brittlebank during December 1894, 
and again by the author in company with Messrs. C. C. Brittle- 
bank, T. Brittlebank, Graham Officer, and L. Balfour, during 
December 1895. The formations represented were as follows: — 

1. Ijower Silurian (Ordovician), black slates and shales, with 

graptolites and grey quartzites intruded in places by granite. 
The strike is N. 10® E. to N.E., and they dip at a high 
angle. Wherever their surface has been freshly eiposed in 
this neighbourhood it is seen to be strongly grooved and 
polished, and more or less 7noutoniiee. Such striated pave- 
ments have been traced by Messrs. Sweet and Brittlebank at 
intervals over an area of 130 square miles in this district; 
and later observations by Messrs. Officer and Balfour in the 
Coimadai district have proved the area to bo much greater. 
In places where the Ordovician clay-slates have had their 
glaciated surface destroyed by denudation, an exquisite cast 
of it is preserved on the undcr-siirfaco of the glacial beds, 
accurate impressions being retained of oven the most minute 
stria). Tlie surface of the pavement is very uneven, being 
traversed by troughs from 500 to tiOO feet d(*ep, the slopes 
of the ridges separating the troughs one from another being 
sometimes as steep as 70®. The bottoms of the troughs and 
the slopes and summit s of the ridges are all strongly glaciated. 
The author agrees with Messrs. Sweet, Brittlebank, Graham 
Officer, and L. Balfour in their inference that the ice which 
produced the glaciation came from the south. At the Wer- 
ribeo Gorge the stria) trend from about S. 12® W, to N. 12® E. 

2. Permo-Carboniferous Glacial Beds. — The thickness of these 

rooks bos been approximately estimated, as already stated, 
by Messrs. Sweet and Brittlebank to Ik* about 500U feet, and 
on the occasion of the author's first examination of them it 
appeared that this estimate of them was not excessive. 
Measurements, however, taken by Messrs. Chas. C. Brittle- 
bank, T. Brittlebank, Graham Officer, L. Balfour, and the 
author last December show that the thickness may perhaps 
have been over-estimated through a repetition of the beds 
resulting from faulting or folding, llieir general dip is 
rather steep, varying from about 15® up to 60°. They con- 
sist of : — (i) Hard and soft mudstones, from brownish-grey 
to light claret in colour, bluish-grey at a depth. A small 
proportion of fragments of undecomposed felspar is present, 
together with minute chips of black shale (Lower Silurian ?) 
and small pieces of carbonized plants. The soft mudstones 
are chiefly composed of clayey material, with quartz-grains, 
mostly Bubangular, and contain glaciated erratics sparingly. 
The hard mudstones contain very numerous strongly- 
glaeiated boulders, frequently flattened on one side as thou^ 
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they had beeo rasped away by the ioe ; their diameter varies 
from a few inches to feet, but most of them measure less 
than a foot in diameter. They are very firmly embedded 
in the matrix, ho that they can be dislodged only by repeated 
blows from a heavy hammer. (Several fine specimens of 
these glaciated blocks were exhibited, including one brought 
by the author us a donation from Mr. (\ (’. Hrittlebank to 
the British Museum. See the aecomi)an} ing figure.) The 

Olaciated Bouhlfr from the Permo-Carhoniftrous of Dunbar ^ 
near Bacchus Marshy Victoria, {About ) uatural size,) 



[Reproduced from a photograph.] 

maximum thickness of any individual bed measured proved 
to bo 193 feet. 

(ii) Conglomerates. — Greenish brown, lithologically very 
like those of the Permo-C-arboniferous Newcastle Bods in 
New South Wales. They are composed of well-rolled pebbles 
from 1 to about 6 inches in diameter, with occasionally 
large glaciated erratics. The thickness of individual beds 
of conglomerate varies from a few feet up to about 20 . 
In places they make a very uneven junction-line with the 
strata below them, as though they had been squeezed down 
into these so as to occupy irregularly-shaped pockets. 
In places the upper surface of the conglomerate is much 
indented, as at the elbow of Mymiong Crecrk, about | mile 
below Dunbar (the residence of Mr. Brittlebank). 
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(iii) Sandstones. — These vary from hard to soft, frt>m 
fine to coarse, and are frequently laminated, the 
occasionally showing distinct evidence of contortion, espe- 
cially in the neighbourhood of the irregular pockets of 
conglomerate. Individual beds vary in thickness from a 
few feet to nearly 100, being mostly about 30 feet thick. 
Well-preserved plant-remains are present on at least 
two horizons ; on the lower horizon occur the three species 
of Ganffamopteris already referred to, and on the higher 
specimens of ZevgophyUiies^ Schizoneura^ etc. The total 
thickness of the glacial beds seen in the upper portion of 
Korkuperrimal Creek, as measured last December, proved to 
be 1427 feet. To this, Mr. Brittlcbank estimates, a thickness 
of about 700 feet of strata should be added to carry the 
section from the top of the Qangamopteris-heAfi to the top 
of the strata seen above the Wifron^um-horizon. (The 
order of succession of the beds is illustrated in the accom- 
panying horizontal and vertical sections, PI. XII.) 

The altitude of the glacial beds varies from 600 to about 1400 
feet above sea-level. The source of the erratics is not known, but 
evidence shows that the ice which furrowed the rocks came, as 
already stated, from the south. 

The most northerly i>oint to which drift containing undoubtedly 
glaciated boulders has been traced is Sj)ringhur8t, on the main 
railway-line between Melbourne and Sydney, at the boundary 
between Victoria and New’ South Wales. 


111. CoHKKLATlON OF THE GlACIAL DEPOSITS. 

{a) Australasian. 

It is extremely probable that the glacial l)eds of Bacchus Marsh, 
Wild Duck Creek, and Springhurst in Victoria were of homotaxial, 
if not of contemiKiraneous origin. They may probably be correlated 
with the glacial conglomerates of Mount Reid and Mount Tyndall 
in Tasmania. 

The above correlations are based chiefly on lithological evidence ; 
there is, however, good palaeontological evidence for the correlation 
of the Bacchus Marsh glacial beds with the erratic-bearing Permo- 
Carboniferous mudstones of Maria Island, One Tree Point, and 
Bruni Island in Tasmania, the similar beds at Maitland, Branxton, 
and Grasstree in New South Wales, and those of the Bowen River 
Coalfield in Queensland, as the genus Gangamepferis is distributed 
abundantly throughout the formations at all these localities. The 
glacial evidences at Hallett’s Cove and at Curramulka in South 
Australia may safely be correlated one with another, and are very 
likely homotaodal with the above-mentioned glacial deposits in East 
Australia and Tasmania. 
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( 6 ) Extra-Australasian. 

The Permo-Carboniferous glaciation of Australia and Tasmania 
was perhaps homotaxial with that of Southern Africa and India. 
In ^uthem Africa 3ilr. G. W. Stow and Dr. Sutherland have 
described glaciated blocks associated with the Karoo or Ecca Beds. 
Mr. £. J. Dunn in 1872 discovered glacial conglomerates, the 
Dwyka Conglomerates, at Weltevreden Farm, near the junction of 
the Vaal and Orange Rivers; moreover, hi* has h»ld me that in 
1885 he discovered a striated pavement at the junction of these 
rivers, and was of opinion that the movement of tin* ice had been 
from south to north. This pavement is less than l(HH) feet above 
the sea. The shales underlying the large boulders in the con- 
glomerate are described by him as Insing distinctly indented. This 
is in lat. 2i)' S., long, about 211® 40' E. Air. Dunn has also told 
me that he found a sjHJcimen of Oamjamoptrris 5 inches in length 
in the Lower Karoo Beds above the Dwyka Conglomerat^Hi. 

In India evidence of glacial action in Permo-t’arboniferous time 
was first observed by Dr. W. T. Blanford, and subseijuimtly similar 
evidence has been collected by many other obs(‘rvers in the Talchir 
Grouji, the Salt Range Grimp, the boulder-b(‘dH at liap in Westorn 
Rajputana, and the Panjjth (k)nglomerute8 of Kashmir.' 

Air. Fedden ‘ states that at Irai, near Chanda, the Talchir Bouldor- 
beds rest uf>on compact Pem Limestones. His statement is as 
follows; — ‘ For a length of 10 yards along the river’s bank this 
underlying rock is exposi^d, displaying a large surface, polished, 
scratched, and grooved after the fashion so familiar to glacialists. 
The surface has a slope of 12-15 to thi^ west, obliquely overcutting 
the strata, which have a dip of 8 to the west-south-west. The 
stria* and grooves run in long p;irallel lines, having directions be- 
tween north-east ami north-north-east, obliijuo b) the 8loj)e of the 
surface; and, from the manner in which the rock is afflicted at the 
edges of the few planes of jointing, it can bo inferred that the move- 
ment was up the slof)e The actual conditions are so far con- 

firmatory of the view we have been led to — of an ice-raft being 

drifted against and imi»clled up an op[)osing rock-surface It 

would apf)ear that the freighted ice-mass had travelled a long 
distance from the south-wtist through the Utniir and Kdlabdd 
(Idulabad) districts, where rocks occur of the same composition as 
that of the several boulders.’ 

The latitude of Irai is 10® 5.T, elevation under 900 feet; the 
most southerly position of the Talchir Boulder-bed is stated to be 
latitude 17® 20', and its altitude is given as only a little above the 
level of the sea. 

Near Pokaran a similarly-glaciated pavement is stated to exhibit 

^ ‘ Geolog}’ of India,* 2nd ed. fitratigmpliical and Structural, 

R.D. Oldham, pp. 12rM21, 124, l.'Vi, I.o7-in0, etc. T. Oldham, 

Mem. Geol. Surv. India, vol. ix. (1872) p. 324 ; and W. T. Blanford, ibid, 
pp. 321-325. 

* Bee. OeoL Surv. India, vol. viii. (1875) p. 17. 
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in addition typical rochet moutonniet (R. D. Oldham, op. dt p. 160). 
The marine fauna aasociated with the Boulder*-b^ of the Salt 
Range, and partly underlying, partly oTerlying them, suggests that 
they may be homotaxial with those of Eastern Australia and 
Tasmania. 

This short summary of references to evidence of Permo-Car- 
boniferous ice-action in Africa and India shows that the glacial 
phenomena in those regions may probably be correlated on physical 
and paleontological grounds with those already described as 
occurring in Australia, and the recent discovery of rocks of Lower 
Gondwana ago at Bajo de Velis, in Argentina,^ renders it not 
improbable that the evidences of glacial action which are recorded 
as having been observed in Brazil may be homotaxial with those of 
Southern Africa, India, Australia, and Tasmania. 

IV. Provisional DEDrcrioNs. 

If the correlation suggested for the Australasian glacial beds be 
admissible, it is probable that ice-action of some kind was taking 
place over a large urea of the Australasian region in Permo- 
Carboniferous time. I’his region extended at least from Zeehan 
in Tasmania, in lat. 42"" S., to the Bowen River Coalfield in 
Queensland, in lat. 2(/' BO' S., and from long, about IBJ'^ BO' E. 
(Curramulka) to about 151° BO' E. (Maitland). In Victoria many 
hundreds certainly, and probably st'VtTal thousands, of square miles 
are still occupied by glacial beds, and it is likely t hat very large 
areas once glaciated have hud all traces of glaciation effaced by 
denudation. 

The fauna and flora associated wdth the Permo-Carboniferous 
glacial beds of Australia render it probable that these glacial beds 
are homotaxial with the Dwyka glacial lieds of ^Southern Africa and 
the Talohir Bouldcr-beds of India. In the case of Australia, Southern 
Africa, and India, the general direction in which the ice moved 
appears to have been from south to north. In Australia the thick- 
ness of the glacial beds (unparalleled, so far as the author is aware, 
in any other part of the world, l>eing about 2000 feet, if the inter- 
calate beds of sandstone and conglomerate are included in the 
estimate) implies that the Permo-Carboniferous glacial epoch in the 
Southern Hemisphere was of prolonged duration. This inference 
is supported by tlie fact that in New South Wales a group of Goal 
Measures, over 2B0 feet thick, and comprising from 20 to 40 feet in 
thickness of cool (the Gn*t)i Coal Measures), is sandwiched in 
between the erratic-bearing horizon of the Lower Marine Series 
and the similar horizon of the Upper Marine Series. 

As will be seen from the verticad section accompanying this paper 
(PL XII.), there is evidence at Bacchus Marsh of at least from nine to 
ten distinct boulder-bed horizons, separated one from another by thick 
deposits of sandstone and conglomerate. The exact significance of 

' Bea Geol Surr. Ind. vol. xzTiii. pt. iii. (1895) pp. 111-117, and Beriato dal 
Muaeo da U Plata, toU ri. pp. 117 teqq. 
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these lithological breaks in the succession of strata is not yet under- 
stood, but they may possibly indicate a sequence of glacial epochs 
separated by milder interglacial periods. Possibly glacial conditions 
in Australia may have been prolonged from late Palmozoic into early 
Mesozoic time, as may perhaps be argued from the presence of plants 
of Mesozoic facies, such os Schizofieitra and Ztngophyllite^^ in the 
uppermost glacial beds of Bacchus Marsh, and also perhaps from the 
disrupted masses of clay-slates and contemporaneously-contorted 
current- bedding in the Tritissic Hawkesburj* Series of New South 
Wales. 


EXPLANATION OF PLATK XII. 

Horizontal and vertical sections of the IVnno-Ojirboniforoiis Oluoial Beds 
at Bacchus Murnh (Victoriti). 

Discussion. 

Dr. Blanfori) referred to the ]K‘culiar interest tlmt ho tt>ok in 
the paper, as ho had, nearly 4(1 years ago, called attention to the 
existence in India of rocks similar to thos(» described in Austridia,. 
and of the same ago, and had suggestt^l a glacial origin for 
them. He heartily congratulated the Aiitlior on his admirable paper 
and on the conclusive evidence of glacial action now brought forward, 
evidence so clear that it was doubtful whet her a sceptic remained 
among those who had attended th(^ meeting. The spiuikor pn*- 
ceeded to give a few details of the ])rogress of discovery in India, 
and referring to the evidence graduully accumulated from Australia 
and South Africa, especially noticed how in the Argtmtino lUqmblic 
of South America all the peculiar l'pi>er Palmo/.oie and Mesozoic 
floras of Australia — the Carboniferous flora with Jji jndodcndron and 
Rhacopteris<,ihe Permo-Carboniferous with Glos^opferut and Ganyamo- 
pteriSf and the Lower Mesozoic witli Thimnffidia (Klonfopfcroidei — had 
been discovered one after another, and how their constant associates 
in other lands, the boulder- beds, appear to have been found by 
Prof, Derby in Southern Brazil. He pointed out the connexion 
between these discoverios and the question of the former distribution 
of land, and culled attention to a recent paper by Mojsisovica, 
Waagen, and Dicner, who showed that while the present contours 
of the Pacific Ocean were of pro-Triassic ago, those of the Indian 
and Atlantic Oceans appeared to be of later origin. 

Mr. WicxHAM Kino and Prof. Bonne y also spoke, and the Author 
replied. 
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16 . On Trahbpobted Bouldbb Clat. By the Kev. Edwin Hill, 
M.A.., r.G.8. (Read January 22nd, 1896.) 

I WISH to put on record some facte lately observed respecting 
two groups of Boulder-Clay masses which appear to have been trans- 
port^ from their original positions. 

One group occurs in the cliffs south of Great Yarmouth. The sands 
of the cliffs which extend from Iiowe8U>ft to Yarmouth are usually 
described as * Mid-Glacial.’ On them lies Chalky Boulder Clay as 
soon at Corton and northwards, while below them are seen at several 
spots a porl'ectly different stony clay, the sands called Pebbly Sands 
or Westlet/on Bods, and the well-known Rootlet Bed. The Chalky 
Boulder Clay extends continuously above the Mid-(ihicial sands, 
from Corton for about :} mile northwards ; farther on, one or two 
disconnected strips also lie on the top of the cliffs. But, besides 
these, several mfisses of the same material oc(!ur embedded in the 
sands. 1 first noticed them while examining the coast in 1893, 
and in the spring of 1S95 1 again made a careful ins|>ection, this 
time in company with Prof. Bonney. Two lie one on either side of 
the depression called League Hole, and others wore seen respectively 
about ij mile, 1 mile, and 1 h mile north, towards Gorleston. The 
writer of the Survey Memoir (Mr. J. H. Blake) had his attention 
attracted to these or similar masses, and remarks that ‘ at times 
they looked as if tlu'y were lenticular imtches of Boulder Clay in 
the Glacial Sands ’ (p. 50, Geolog}’ of Country near Yarmouth and 
Lowestoft). Ho decided, however, that * they were all introduced 
after the deposition of the sands.’ He does not explain how ; 
probably he means that they had fallen from the top of the wasting 
diff, and had become buried in talus or blown sand. If he had 
seen the sections exposed in 1893 and 1895, 1 think he would have 
oondudod that they really were what he then saw that they looked 
like. 

The mass about 2 miles south of Gorleston Pier, or J mile north of 
League Hole, as seen in the cliff-soction, was about 4 feet thick, 
with 40 feet of visible length (see fig. 1). Its northern end was 
hidden by talus, but on the south it was seen, in a dean section 
of the diff, ending abruptly against the sands, which presented 
their regular stratified apjwarance, and were in undisturbed con- 
tact wi^ it above and below. It was normal Chalky Boulder 
Clay, crowded with fragments of chalk. The mass about 1^ mile 
south of Gorleston Pier had a very dark matrix, full of rather 
rounded chalk pieces of all sizes, from a foot long down to the finest 
grains ; it contained also some larger inclusions of sand or silt. 
This mass was about G feet thick, also with visible stratified sands 
above and below. Here, too, one end was hidden under talus ; the 
other passed into the sands in tongues and strings of dark mud, but 
the termination of these was again hidden by talus. The mass 
about 1 mile south of Gorleston was some 30 feet long ; one end 
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Fig. 1 . — Section ^ mUe north of Leagnt HoU, 



A~li ~ about t feut. C r: tuliiB. 


The dotted part is Boulder Clay, extending horizontally to tin* right for about 
20 feet. Above and to the left of B, fiiie-tu'ddvd nuiid, with littlo ltitii|)s 
of Boulder Clay in it. More disturlnKl in the upper purl. 


Fig. 2. — Section immediatchf north of Learjue Hole. 
{Total heiijhi = ahoui ii^feet.) 

Clay mlxecl\u/ith debrii 



[Looking north.] 
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is bent up, and both ends thin out ; it is only 6 feet below the 
top of the diff, and there is a layer of large flints above. In the 
masses at League Hole there are signs of slipping, yet here also 
there is sand overlying them, which I could not distinguish firom 
4he adjacent Mid>Glacial sand.' Along the beach, among the masses 

Fig. 3 . — Section in the little luadland, near League Hole, 

( Diagrammatic , ) 


Loam pbout ilk feat 



[Looking west.] 

BC = Boulder Clay. S = Sand. 

fallen from the cliff, pieces of lloulder Clay hero and there occur, 
where none can l>e seen on the cliff-top ; these also probably have 
come from the interior of the sands. The cliff is annually wasting, 
so that the visible sections and their appearances are in a state of 
constant change. 

All the masses within consist of normal Chalky Boulder Clay 
crowded with fragments of chalk. They all pass into the sands in 
tongues, strings, or separate ]>atcbe8 of a dark wet mud, like the 
clay of the matrix, but containing no chalk. The mass nearest 
Gorleston has many such streaks and patches, usually about 12 inches 
by 2, in the underlying sand, to a depth of about 3 feet. Even 
the mass first described, which, seen from the beach, seems to end 
abruptly, on near inspection is found to have some of these patches 
lying close to it in the sands. 1 do not see how these masses could 
have been formed tn eitu. The appearances agree, however, in all 
respects, with what would be expected if masses of Boulder Clay 
surrounded by ice had been float^ over the waters in which the 
sands were being deposited, and had sunk where we find them. The 

^ [For flgt. 1, 2, and 3 my thanks are due to Prof. Bonn^, who kindly 
furnished them fh>m his note-hook. The sections at Lea^e Hole show that 
the naaises terminate in the interior of the bliff as well as in its fsoe.] 
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buoyancy of the ice would make the 
masses at first practically weightless 
in the water, so there would be 
nothing to press down the rtoor on 
which they sank. As the ice melted 
away they would acquire weight, 
but meanwhile deposition would be 
going on all round. As the encom- 
passing ice melt^ed still further, |K)r- 
tions of the outside would break 
away : hence the patches. Mud also 
from the wet outside would ooze off 
and spread on the sand floor, forming 
the tongues and strings. In all 
these the chalk would have dis- 
appeared, as it has disappeared from 
recom}) 08 ed lloulder (Hay, and gene- 
rally from ]iarts wh(‘r(‘ water can 
])ercolate. Meanwhile the progress 
of deposition would have intermixwl 
sand with the ])atches, tongues, and 
strings in undisturbwl strjitificaiion. 

The other group of tninsported 
masses is different in character, 
date, and locality. IHje group e.aine 
under my notice in my own parish 
(Cockfiold, Suffolk). Henj is a series 
of pits, containing a peculiar gravel, 
which 1 have traced along a line of 
about 7 miles, through the parishes 
of BradBeld, Stanniiigfield, Cock- 
field, and Lavenham. Their contents 
resemble descriptions of ‘ Cannon- 
shot Gravel ' : they lie at correspond- 
ing levels along the slope of an 
existing valley, which is hollowed 
out of (llhalky Boulder Clay ; and 
they probably mark an earlier water- 
course. They clearly indicate exten- 
sive denudation of the Boulder day, 
for the slopes of that formation rise 
from 40 to 60 feet above them ; also 
the fiints which it contains are clean 
of chalk, and have undergone con- 
siderable wear. In two of these pits, 
one near Cockfield * Abbey ’ and one 
near Willow Bridge (the latter lately 
fillsd in), masses of Boulder Clay are 
found lying on the top of the gravel. 



Fig. 4 . — Patches of Chalky Boulder Clay in red clay^ resting on coarse gravel. 
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In the Willow Bridge pit the day was 2 or 3 feet thick and extended 
some 50 feet ; whether continuouBly or in several adjacent massea 
was uncertain : appearances were in favour of the latter view, but it 
was diflBicult to decide on the nature of decomposed interruptions. 
The outsides and the decomposed portions are a reddish clay or earth, 
hut the cores are perfectly normal Chalky Boulder Clay, with much 
chalk, in pieces from 2 or 3 inches long down to pea-size and grains. 

It seems impossible to suppose that the agent which produced the 
Chalky Boulder Clay, after ceasing to operate during the long 
interval indicated by the gravels, again sot up work and produced 
these scanty fragments. The pits described lie on the side of 
Boulder Clay slopes which rise, though gently, to considerably 
greater heights. A natural ex])lanation is that the masses have 
come from higlier ground, floated off or slipping down, in either case 
probably in a frozen state. Between them and the gravel lie seams 
of a finer clay, and over them something of the nature of brick- 
earth ; while brick-earth is also abundant and worked at nearly the 
same level midway between the two gravel-pits named. Under the 
coarse gravel, in another of the pits, lie highly false-bedded white 
gravel and sand. Thus there is abundant evidence of contemporary 
water-action, and everything agrees with the view' that these seams 
of clay have been brought, not formed in situ. 

If these conclusions are established, some consequences follow. 
The writers in the Survey Memoirs on East Anglia fre(juently 
mention beds of Boulder Clay in unusual positions, intercalated in, 
or overlying, sands and gravels. May not many of these bo also 
transported sheets ? If so, difficulties which the writers evidently 
felt may be removed. Again, must not much caution be observed 
in attributing an ‘ interglacial ' age to bods, fossils, or implements 
found beneath thin sheets of Boulder Clay, especially where this 
occurs also at higher elevations in the neighbourhood ? 

The Lowestoft instances would show that w'hile in one locality 
sands, called ‘Mid-Glacial,’ were being deposited, in some other 
locality the manufacture of true Chalky Boulder Clay had already 
been commenced and perfected, so that exportation could go on. I 
do not see that they give any evidence of the process of manufacture. 
They are not unlike the pieces w’hich might break off from the clay- 
banks of a Siberian river : — but I must not wander far into the field 
of conjecture. 

Discussion. 

Mr. H. B. WooDWAKD suggested that in Mr. Hill’s Gorton section 
the Boulder Clay might occur in the form of an intrusive tongue ; 
and in the West Sufi'olk section the isolated patches of Boulder Clay 
might be remnants lying beneath a mass from which the chalky 
porous had been remov^ by dissolution — a feature common in the 
Eastern Counties. 

Prof. Bonnet said that he had carefully examined the section south 
of Yarmouth with Mr. Hill, and could not find the slightest evidence 
of intrusion of the Boulder Clay — a thing, by the way, of which he 
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noTor ooold find evidence — ^but here the maasee occasionally passed 
in strings into the sand, and small boulders of clay occurred in the 
sand below. Whatever might be the explanation, he could come to 
no other conclusion than that the clay-masses were true boulders. 

Dr. Du Bjche Prellek suggested, from the description given by 
the Author, that the Boulder Clay wedged in between sand, as 
shown in the first section, was probably deposited during an oscil- 
lation of the drift-ice, the similar effect of such oscillations being 
frequently apparent in the Alpine glacial deposits, which wore, of 
course, the jiroduct of land-ice. He had recently examined some of 
the Boulder Clay of West Norfolk near Lynn, which was alwjolutely 
different from the glacial clay of the Alps, and. in his opinion, was 
clearly the product of drift-ice. 

Mr. Lam PLUG u was reminded by the section on the wall of what 
he had seen some years ago on the flank of the Muir glacier in 
Alaska, where a strip of ice loaded with dt^)ri8 overran stratified 
gravels without disturbing them. The presence of thin strips of 
clayey material in gravels was a common phenomenon in Oluoiol 
deposits, and he saw no difficulty in accounting for them as the 
product of the edge of an ice-sheet. The admirable descriptions 
given by the American geologists, esiiecuilly by Messrs. J.C. Kussell 
andT. C. Chamberlin, of the groat glaciers of Alaska and (ireenland 
came as a revelation on many points to the students of glacial 
geology, and deserved the closest study. 

The AuTuoii said that to suggest an ico-flhe(‘t as the cause of the 
insignificant fragments of Boulder Clay upon the gravels was like 
suggesting a steam-hammer as the cause where a few bits of 
nutshell had been found. 


aJ.G.S. No. 206. 
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17. Obbebtatjohs 071 the Gbologt of the Nile Vallet, and on the 
Evidence of the Greateb Volume of the Biter at a Former 
Period. By Prof. Edward Hull, M.A., LL.D., F.R.S., F.G.S. 
(Hoad Februar)’' 26th, 1896.) 

Part 1 . 

1. Introductory. 

The evidence in favour of the view that the Nile was at one period 
a river of vastly greater volume than at the present day is so 
remarkable that it has forced itself on the attention of several 
writers, amongst whom may be specially mentioned the late Prof. 
Leith Adams,* Prof. Zittel,** and Capt. Lyons®; and to the state- 
ments coming from such competent observers I should hardly have 
thought it necessary to add any of my own, were it not that I 
find from jTersonal intercourse that geographers have failed as yet 
to grasp the full significance of the phenomena bearing on the 
subject and described by the above-named authors. When about 
to leave for a recent visit to the Nile Valley, I wrote to Prof, (now 
Sir) Joseph Prestwich, enquiring whether ho thought there were 
any problems to which a travelling geologist might give attention 
with some prospect of enlarging our knowledge of the physical 
conditions of that remarkable line of country, and in reply he 
recommended me to pay special attention to the terraces. This 
advice 1 endeavoured to keep before my mind during my ascent 
as far as the First Cataract and the return journey ; and 1 venture 
to lay before the Society the impressions that I then received, and 
the conclusions that I have drawn from them regarding the volume 
and dimensions of the river at a prehistoric period. But, before 
entering uj)on this special subject, I wish to note a few points con- 
nected with the geological structure of the Nile Valley, which 
Game under my notice, although they may not be altogether new. 

2. Some Points in the Geology of the Nile Valley. 

And first let me observe that it is only by personal examination 
that one can realize the exteut of the erosion by old river-action 
which was carried on after the Libyan region had been elevated out 
of the waters of the sea at the close of the Eocene period. That 
this erosion was accomplished mainly during the succeeding Miocene 

^ Leith Adams, * On the Qeol^y of a Portion of the Nile ValW, etc., with 
Note on the Shelia, by S. P. Woodward,' Quart Joum. Geol. 8<^ toL zz. 
(1864) p. 6. 

* Sttel, ‘ Beitrage sur Geologic und Palaontologie der Libyschen Wu^,* 
PaUeonto^phioa, vol. zzz. pt i. 1883. 

* Lyons, * On the Stratigraphy and Physiography of the Libyan Desert of 
IBgypt,’ Quart Joum. QeoL 6m. toL L (1^) p. 631. 
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period, upon the rising of the land, there can be little donbt ; as it 
is becoming more clear that this was the special epoch of elevation, 
disturbance of strata, and denudation over all the Egyptian and 
S 3 rrian region.' But there was a second period of great fluviatile 
inundation in what may be designated ‘the Pluvial period/ ex- 
tending from later Pliocene times into, and including, the Pleisto- 
cene ; and to this latter stages I shall have occasion to recur later on. 
At the present day erosion has almost ceased, and the fact that 
the cultivated terraces bordering the river, as well as the plain 
of Lower Egypt, are gradually rising with regard to the sea-level 
by reason of de|H)sition of sediment shows that the bod of the river 
is also rising.* There is, therefore, no scemring action going on. 

The fall of the river from Assuan to Cairo is a little over (5 inches 
per mile, a fall just sufficient to keep the fertilizing sediment in 
su8i>ension when the river is not at its lowest. The mognifloent 
Nile Valley, of an average breadth of 10 miles, cut- down through a 
table-land of an average elevation of SOO to 1 000 feet, capj)od by 
Eocene limestoiu*, and extending above (’airo for a distance of 300 
miles, is a i»hysical feature which must impress tht' observer with 
the conviction of the enormous length of time during which the 
Miocene erosion wris in }>rogross.‘' 

Tlic next |M>int to which 1 wish to refer is the fact that in the Nile 
wo have a conspicuous e.xample of a river running across escarpmentH. 
Taking these in succtission from the north up stream, they aro: — 
1, the escarpment of the Eocono lime8tt)ne ; U, that of tho Cre- 
taceous limestone; 3, that of the Nubian Sandstone; and 4, in a 
less degree, that of the granitic and schist ose rocks of Assuan, Tho 
dip of the strata towards the north, although generally almost 
imperceptible, and sometimes reversed, is greater than the slope of 
the river-channel. In consequence of this the transverse course 
of the river was a physical necessity, if it was to enter tho Medi- 
terranean ; but owing to the low angle of dip of tho beds, and their 
wide range, the fact is not so evident as it would be if the dip were 
greater, and the range more contracted. Zittcl has suggested that 
the river once entered the lied Sea. This I cannot conceive to 
have been possible at any point above Cairo, except during early 
Pliocene times when Lower Egypt was submerged to a depth of 
about 220 feet, and tho waters of the Rod Sea, united to those of 
the Mediterranean, overflowed tho entire region below this level. 
In this sense the statement is true, but not otherwise. As in the case 
of the streams traversing the Chalk and Greensand escar{>ment8 in 

* It is now” bmming generally recognised that Miocene strata are absent 

from the E^^ptian area, which bears out the view above Htated. See * The 
Geology of Egypt,* by Philip Lake, * Science Progress,* vol. is. (1895) p. 595; 
also Prof. Mayer-Eymar, * Zur Geologie Aegyptens,* Vierteflahriohr. NaturL 
Ge«ell«5h. Zurich, 1886. o 

^ Otherwise the river would have ceased to reach the cultivated plain on its 
banks. 

* From Zittel's section serose the Kile Valley it will be seen that the jdatean 
on Ihe eastern ride of the valley rises over 1500 feet in some places, and 1 am 
inclined to think that the average height may be 1000 feet 

t2 
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the Wealden area, once the course of the river had been selected aa 
the land emerged from the ocean in Miocene times, that course was 
never abandoned. The physical features of the region between the 
Kile and the lied Sea are quite inconsistent with such an hypo- 
thesis as that referred to. 


3. Faults. 

Besides a depression along the general course of the Nile Valley 
in the surface of the Eocene and Cretaceous beds, which must have 
guided the original course of the river northward, faults appear to 
have played an important part. The)' have been noticed by Bawson,^ 
E. H. Johnson and H. 1). Richmond,'^ Lyons,’ and others. That 
which follows the line of the valley above Cairo has long been 
known. 

Another remarkable fault is shown on the right bank about 
5 miles below Farshut, following the course of the stream, with 
the dow'nfhrow on the W'estem side, along which the beds are 
highly tilted and bent. A third case at (icbel Ain, above Luxor, 
is remarkable for the high angle at which the beds are seen to dip 
(fig. 1 ). This is visible in the left bank of the river, and appears to 
follow its course in that locality. 

Fig. 1 . — SkeicJi at OeM Ain, showing beds of limestone highly tilUd 
along line of fault. 



[The eaoarpment of Eocene limestone is in the background to the right.] 

I refer to these cases merely in order to show that the line of 
erosion of the primeval Nile was sometimes directed by the disloca- 
tions of the strata ; but some of the faults are transverse to those 
which run parallel to the course of the stream, such as that at 
Haghftghah.* 

^ * Modem Bdence in Bible Lands,’ Appendix, 1888. 

* Quart. Joum. Gkol. Soo. voL xlviii. (1892) p. 482. 

» Ihid. vol. 1. (1894) p. 541. 

^ Described by Johnson and Bicbmond. 
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4. Relation of the Nubian Sandstone to the Granite and 
Schist of Assu&n. 

The only other point bearing on the geology of the Nile Volley to 
^hioh I shall refer is the relation of the Nubian Sandstone to the 
older rocks of Assuan and the First Cataract. I should not have 
thought it necessiiry to do so, had not some observers supposed 
that the granite is intrusive into the newer formation. From an 
examination of the junotion at several places, I have satisdod myself 
that there is no good warranty for this view. Undoubtedly the 
original surface of the older rocks was very uneven, consisting of 
ridges and furrows against, and upon, which the Sandstone Series 
was deposit od. But the latt-er is not in the least ‘baked’ or 
‘ altered ' along the surface of contact, while the local basement- 
beds are often conglonieratic, pcdibles of ijuartz, probably derived 
from the granite itself, being abundant. The junotion is remarkably 
well shown above the ancient quarries, along the pathway leading 
to the barracks which overlook the Nile Valley, and the acoom- 
panying sketch was taken (»u the spot. 


Fig. 2. — Sk etch of junct ion of (jranite and Nubian Sandstone near 
ihe^Barcacks^ south of Assudn, 



1= Coarse brown grit. 

2=Orej and purple sundy shale 
(10 feet). 

3=; White fn^estone, coarse to fine, 
with quartz-pebbles. 


Q=Gronite, weathering into rounded 
masBjs. 

B- Baaalt*:lyke, foot wide. 


The general structure of the locality is illustrated in the above 
section, taken from the hanks of the river opposite the Island of 
8ehel, about 3 miles south of Assuan. 


5. Age of the Nubian Sandstone. 

I shall not enter here on the question whether the whole of the 
Nubian Sandstone of the Nile Valley is of Crctac<iOUH age, or 
whether it is partly Carboniferous. It is a problem which can 
be solved only by a careful survey of the whole region, which, as 
announced, is to be immediately undertaken by the Egyptian 
Government, under the direction of Capt. Lyons. I will only 
observe that some portions of the formation which I was able to 
examine in the Nile Valley are very unlike in mineral composition 
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ik» SnVm tkndiUme of Croteoecmi tge in Arnbin PetiM ^ 
tlm Anhtih VtlJirj Thii, bowew, w not lurpming, coandemg 
tlm by whw'b the two locslitie« tre scpanitod, and does not 

jnnj firid<!^ncf tlmt llic fonnations are of different goolog^ic^ 
mm- In Arabia riitni*a and along the eastern side of tbc Wadi- 
^Arabab, the Nobian handiit<me b diat inguiihod by rich red ai^ 
|iltf|»le Of yellow eolcmhng; the baae b a conglomerate where it 
mCa u|pofi the cry'ataliinc rocka, and honda of clay or marl are rare.' 
Co the r/ther hand, an Lyona has ahown, banda of clay arc common 
in the h'ubian f^ndatone of Tppcr Egypt/ w’hile the prevailing tint 
sa light gr(?y or brown, ar>n]ettmea alight ly tinged with red or pink« 
It b thia atODO which won ao largely uaed in the building of the 
templea, and which baa wonderfully reaiated the cffocta of time. 


Part II. 

G. The Ijcvi 1h of the Ancient Nile. 

The evhhmrr ujam ahieh the former gr^nter volume of the Nile 
walerp IP inferrwi may b- con^icliTed undi'r two heada : (1 )the river- 
t4'rrttf«’'p now tn'Mind thr r»ar!i of thf liigheat th^Kl**, and {*Ji) the 
ctld n%i’r chanio b throuirh who h ih*- w raimot now' |>aivi, 

owing fo diffetriwr of W#* plmll ron«idiT th*»Po N'jwirately. 

(1 I Th/ {rrrfiy*. Ill ordi*r !•* irriv* at n h ar knowhxlgc 

of Ihr U mnng of tlio* uj**»n iUt <»f iht* former 

Vuluior of I hr Nllr, it tlui V b* o‘»»WTV*ti iKttt thr grriiTTil Ptrwrture 
of thr R* f«f rp ! hr l ifmt t id, of; thr w holr, rrmark* 

aldi ntttfoiti) and Pimplr. I irpt. wr ha\r thr \ ilh \ itM'lf phut in 
on mtt»»T httint h\ thr *”«o at j tiontp ao*ng wilinh lh« pbtfaut of tlw 
UHam and Eaptrni ’ dr-* ft# finisir.ai* , fron. thr huiw* of 

_ log t* rTa<'<’. f 'fnopl of t«ldivit^l gra'f 1. » ind. or of variiijg 

breadth, nnd IrrtomRtmg along « wrll .htin#d hank n#ii-g »b»rr • 
lower terrace whnh. in turn, hrrakpidf uh ng thr hank# of the nver, 
Tbb lower ierra«*MN<\ of Nib mud, i# nchlv rtilli- 

vateil or pUntfpl wit? palm* or otbr and i?* watered hv the 

hilr itiundatioTiP. Ihr trfr;%tf Rb*%* i No. } tt aliHKdiitrly deaiituto 
of vrgrlalion, and ttP »urtare, fonu<*i of xtdlowiph gfa\rl or pand, 
fxmtraptp in a Pinking m.inimr with that i*f the lower terrace 
above which it ripra. utli. r terrace* at higher levrb there may be 
in Middle EgjM, nmnntfpl with the ejpah of Pihxvne aobmer- 
gence.* of which I ahall have to ajicak pnwt nllv ; hut the above 

* * OnUofp Aratwa PKiww.' klem Talrpc Espltir. Fund t IsPiJn p. 

' i^uart J^tiurw lik*;* \ 1?*^ p. ’’gKi 

* thrfMMrahy ndted in Uw m»|ip 'thr Arahiac Dcaen/ beeauar largt45 iti- 
habited h* Amtw, hut thr ru»ttMP »» tui»teMling 

* ih during the eiuergenrr t*f tW Mtoewnr pwod. and re|vr«aafvted bt the 
«am and terraeva at ImU «*f about Cliin f<»i deweribd b% Sir J. W. Dwwtuo, 

* MMdefw HrpMww in liible ljUHt»«‘ Appretdia, ISiifkh p, 54i ; and OaoL liaiL 
ittH 1 ^ 
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dat cription tppiiiiy wiUi alttbl modlflctiioiu to Uio whole it 
fiir M Af«a4ii« tod tbo bttweeti Ui» tnd tho Stcond CoUrtel^ 
ta mar bo gmtliorod (bum Ibo dooeiipliont of Frof. Leith Adomi aud 
Chpt Lyoni. The foUowtiit eedioii, ttkeii teroot the rolley at 
Fai^OU ia intended to tbow iu fenrrol etmeiure 


Fig. 3 .-— ai FartAtii^ 

W. 



I ~'K»«bW to rulCifutwI. 

X^rriKV 'Jt IWv>) 4 m 1 tl«<' »if (Km«U 

r«rr»o«* 5 IIaUmu u^ l!C<»<rrn# «t lh« UmUr of llw^ 


Thai trrrw'f \«i, 'J wai* rtri^inally t!u' nf iho Nilo then* cannot 
be a doubt, .%ud tiic <>ccurronro of tfuvmtde aholU ut the atfita 
ia led mjuiml to ■trrn#ftliefi fttie tinr. Thrw' eon' found by 
l4^ith AdaniH t»olh aUivo and f»rIow Iho Firnl l*alara<'l. Where 
1 cxannno<i thr at IIioIhhi and A^uan, I wnn n.rt a<» fortunate 
aa to find them. I wtli n^w m«i)ti>>n a trw locnlitnw whrrr terrace 
No, ‘J ma\ Ik’ otw4'rTf’<l aUivr <i»r»ceh. 

iai • • WhiT*’ the vallr\ WKimii a »l»o[t di^tanro afieye 

(iirjfeh, t'’frv’«’' No, « i«i difttiTtrlU ae* n, nay. aUml le I'H) 

fcHd al»<»ro lh<' cultivatixl terr.m' (.No. I ». Th»> Irvid \n rather 
htiihcr than that fnrtloT up the \ailr\ Ttni riia\ Im aoronnUM} for 
by the I’lot^-one auhn»of|?on«'r, vihich aould bavi' aff* o(rd iho level 
of the rivrr nenrly an far u*» Utrjjidi ; U» thin I aloall i^'ain have to 
refer.* 

(f*i Atx»ve Kaj*r<^ Sayad thr wi^alern o^earpturnt id the KfMMttie 
limeaUine r<’ceKliii for .% great dintafiee from ihr river -mdr, and Imre 

* iHwtfi twiirrm ifiAl IIh' nm «4t**r« r*Nirbrf| m fikr a« itir Kird ('atamel. 

'iUiv.ti>i*t and attrivr thr \iin ai lirtirt .^fj'itnUain U» 

hr our u> •oti'fiif*r(;rnc» whieh »• uiu'rr'nin in tt»r alwriiT (iiann*^ ai 

thia Urrri, liut ttir ifnly rrrtain ntian) ana'lirai'h di»'«'V*»rr«l lo l’r*d, Knum 

— »t t>«mrl)r .Sli) fr-r? liiirar. and in*' w»a tratrrt jn Ui»a a.#>dd i» »l fwtr rrai^twd 
that) (iirfrh, an abitr 

I l“Of tk>« <irirnmnale)n I atn ii»drt»tr«f| to Mr (lurt uf t)ir K<fyfrtta#» 

Publ)« Wirfk* I>*>|«mnrfil, wh#> kindlt •rnt tnr Ihr h.ll »a>n^ ea'*>iii«iit whit# 
U»»« iMfarr Win (MMOiiir through Iftr prr** -■ 

' ibrlMMra fr>w Cmirtt in kdoinrtrwi at »h»rt» the hig(» aal«f Irtal waa 
tSy) Umt ot«f thr mm 

IHWt >’,0 fr»en Cturt 

iM*M .W 

I'irj 

i*ai3 - tAi 
l>aM <£s 

* IW B ria n ui TAS kihaocteMi (rfftn Ca*m*or XW/*7 ini>» Thm d i < aO d» 
fioulil raarh tnr Bithm *J imWi <d (iir««di, wKi/'h »• 1^114 radra femi CaifUw*~^ 

Apnl^J^. im | 
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UAh Iba colthraUid plain and terrace 5o. 2 extend orer large 
am*. The latter t» rery dtfttnct , riirinir in a bare yellowish alopa 
of 40 to fret fostimat^) above terrace No. l^ a^ stretching to 
the Hanks of the rallcy. 

<r) (>n the right bank of the Nile at K1 Kab, about 15 milas 
iotith of K«tieb.l>oih terraces are eWrIy defined. Here a rilh^^e of 
mnd-hute U built ujxm terrace No. 2, Wow which is the ciiltiTated 
fiat, and lirhiftd risc^a a fine cliff of ('Tx*t4uyyius limestone. 

(<f) 1"be sto|>ing plain on which was built the city of Thebta 
t» referable U* the second terrace. It ronsista of beds of sand and 
grarri, laid o|»»^ near the temple of kl«<itnet Abu, Ixtundcd inwards 
In the grand semicireular cs»'ar]*nient of the Eocene WU, and 
UmfiTiU the river by the Wide pUtn. richly rultivatid and abuD- 
daiifl\ watered at Nile firKxl. From (hu plain ris«' in solitary 
grandeur the (Ndensi of llemnon.' anrl as it is improJxible that they 
were iirigmally lovet liVMi \ran» agoi rT»'Ct*xJ on a basis liable to 
tbe of the Nile, me have here evidence that the Uxl of the 

nter and the pUtns on its banks have lieen raised by re]»eatod do- 
|Ki*)tn>ns of sediment ; - an mferein e te.riie out by otht*r examples 
of a similar kind. Terrace .No. 2 forms a wide pUin wi*st of Theij6s« 
but It lirconira very nafT«>w at Kurn.th in the op|»osile direction. 
From this neigh IxiurhoiHl. at Kl Wiwhii, tien. Pitt^Uivt^rx obtained 
some ihnt flakes ftip|xis»d t** l*e of human workmanship, embeddad 
tti l*snk« of uridtstnriird gravel.'* 

(M K‘'m (fmte*. **n the western bank of the river, the 

fl»wir fd the .dd Vile is Imd o|x'*j »»r* the lianks of the river itself, 
and I* |s'euhaf ly interesting, as it i* ry.oip^s^Nd of Uminate<l brownish 
mud lying at the foot t»f a rAnge of oundhiUs, .’ind nsjng fr»»n) Jh* to 
fes't i!ilH*re the margin of high Nile. I give here n -ketch of this 
interesting scftnjn, which was |x4nted out !•• me by ( apt. Lyons. 


Fig. 4 -■ Tfrrdtw of 0!(i ,\tU mn»l mrttr Kom Omf-u. 



1 tern frmww of clsy. sr .rh 

2 i lut frrr»re N i'ie tnwd. lse»;nslx«t :S» first sHm the htghvst ftoods. 

lit iUnt of ssfwlhdU Nile in h^ergriHtnd. 

’ INXise aeckmlmg to I>r }tu<tg«, ’Tt)# >Ms.* 5nt «sL p 13; 1400 ac. 

Mating u* INoif Rswbns-Mn, Aoe%«sit llisnx'r ' p 3S#. 

* Jouen Authfop ItMi . Mas l*vi2 . <)u<>.44xl ht l*r«i(vKb. * Gsoiofx/ tok it 
p iNt iHiwwiwi. himesrr. douhts that thrsr »ers ths work of man Modmn 
t«c»eii«<r m ItihW LantW A|>|wodis, p 
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In tmc pUcds betw<*€*ii Siliwlob and A^uAiu the second terraon 
Mm* to merire at the turface into the low termcot of the Nubian 
3aiidatotie, the grand encarpmonl of the Kootnie liracatone haring 
giren placr to the Nubian Sandstone. In this diatrict I^'ith Adam* 
oiacvTertd numorou* river-ahell* at a lord of at li^t 121) foot 
abore the highrat Nile of the pnwiil day.’ 

( f) (Hii Urmets iKr Firgf i'atantti , — Acconling to I<«tth 

Adm*, the obi lerrAee* iu»w n«ttig far alnivo the highest flood* of 
the Nile at the day may Iw trartMl at interval* along the 

Talley h<’'twi'en the Fin*t and S'i'ond i'at«raet?». t>ne of the moat 
retnarkahle iiuttnnct^ <»< euni at l>err, the capital of Niihia« ahoilt 
M) md«^ bi'h*w the S-eon.! (‘alirart. Uert\ al>ove the cultirnted 
terrace habb’ !*» n^e* i ehff •kaiiiUfone, fibove which i* a 

ai'cond doping terrace, rt«iiig Ironi 1 1<» ti* l*t*» bvt alnmOiighett 
Nile, fomifnl of |wd.bb^. amtoig which \danif« found numerou* 
apeeimeii* of tVrvMwf u •hell now ahund.mt in the Nile 

waten*. .S«me mib'a farther northwanl, in the wame terrace, the 
aanie fhell wa# fount! in retblith aandy »oil. top^ther with /fw/imu* 
puUus. Sjmibir terrace* were reeogni/eil at fJharUa. tntrlh of 
KoriMko, at hakke and riiofii: frt‘m tb> to nbnit l<M» feet 

above the higlo ftt Vile tbittiU, uiol containing several of fm*h« 

water molbmca/ ‘rhe«ie «*lt*erea!irui»i are i tintirme^l b\ I’apt. l.yon*, 
who *tieak* of the larp* •heet* f»f gravid, a bn h iti Nulna eatond 
for a length of 7 or mile* ,ib*fig the Nib* hank a! Ih-lwra, M milcwi 
north of Waih H tlfa. at h»o fret oIhivc the present Nile tlooila, and 
containing nhidln, loich a* .f*VAcnVi grmtlunttta, f /fttmiao/iia, 
Unio, and /'o/ie/ino,* 

{ij\ hut lhi*%c evidence* of former higher leveU ib» foil c«*a*e at 
the StTond (’atarnH, for ( apt. I.Aon« hn* •h«»wn,* hi the |»o*ito»fi and 
inacriptioDi on f he riK’kn arid lemph'^ dafin^r a* f/ir back u** a.c., 

that the nrer then rom' t** a rnatirnum *d feet al»*»vr itn preaent 
dnoddevel ; the amount of n*M' di’cmmjng n» time wmt on. l.yofia 
«ugg«wt« that ihfwe rnriktion* of the nvrr acre rau*ei| by earth- 
fttorement* ; hut it •I'l-nni more prolMihle that they are referable to 
the name general rauiM'* :ui th»we whoh have given nic to the high 
iermrei i>cciirnng it intervaU down the valley into I/iwer l')gy‘pt. 

Thu* we have that, throughout a fli*»(anre of U^tween (MM) 

and 71 )(t fnih** uUive (^liro, the evidence den vivl fr*»rii the Icrraco* 
la rumulatiTe, and teioU to prov<* that the origin i) nurfaie uf iho 
Nile water* utood at a b rel varying from .Vi to l‘i<» fri^ or morr 
above that of the prrvM^nt day. 

Pakt in. 

7. Old Riv(?r.f *hari ml*, 

How many cKanneLi of Iho prima vaJ Nile there may l>e which 
the river haa dMMTitisd in con*c<juenee of the fail of iu aurfane I 

• Quail. Jiwra. Oeol 8o«. tot. ij. (1^/ n 9 * pp M. 

» iW vol L p /H3. • /W. p. fHA 
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M tniAbk to ruti', but wc mn* hapfuly in poMCMUon of exact in- 
Unmlum rNf^rviinn^ two of them ; one at Kom Ombo, aboat 26 
flulca below and one at thi* latter place iUclf. Of thcae I 

n<iw promid to givr dHail. 

( 1 ) Kim OxuUj im K*»m < Tite remarkable mins of two 

tcmplea fM-rtWt a rhff the river, which is oon- 

atanUy lietnK ofidetmune^l, ami i* thieateiied with eventual da- 
atnidtofi, clmvr runch »fiter«*st fr»>m the fact that they are built 
on the ailuTu af th* old Vile, and formetl {>art of its ancient bed 
btffofe the »atirT» had fallen aw»> itj thtnr pnvMml level. The 
surface of the hiithiat .NM*' f!no<U not reach to within more 

than 12 metres j .d this old terra<v*, as staled by Mr. W. 

Willorck*, of the TuMic Works Jjrjwrtment,' and both he 

and Ix'Uh Adams dnw-otrffsi shidU ot the ijenera CyrrtM ( ('ar^ieaZa), 
tnw, and in tl»e alluvial lieds at a level of 1 1 metres 

feel! al»ove pri^aetit ht^hrat flot^JU. In ofvUv to (xrmpare the 
relative levels o( the II'kwU of the present tia) with those of the 
anrirnt nvrr af this place, we ou^ht to add aliom Iki feet to that 
of the flmir, wht« h mill *1100 a rljff*'rti>r** id alH>ut 7«» feet for the 
respc'Ctive surfai«*«, 

(2) As«»uiiti, which ia built on the niltivatwi terrace at the 

northern or li»arr end of the Fir«‘ <’at>tra<t, is oonn*Tl<?d with 
hhellal at the s^nithrm or tjp|W'f » nd, not «»rih h> the nver, but by 
two valleys, oiii' <tr t^^ih *'f whnh oerr prdwihh rucr -channels 
when the nver ll twrifl at a hiirh* r h r« 'rh»"\ he |i.inillel to each 
other and to the > dc ttsrif *»n it# misteni *id« / 4inc of these 
otdv can 1 »jieak with r^rtun.t}, l.ru# not hnMiig allowed me to 
make a pr»>|*i’r eintuuiati^o. of th* * ther. .Vlonif this, the more 
easlrrlt of the two vali»^s. th*- railwav r*»Tn»rim^ Assuan and 
hhellal IS carritvl Ittf a d:*taro.r *»t 7 njiii*s. It is about 

half'* a 'milt' wide, running of fcranile capfied 

by honrontal innjrs*^ of Ntnd^ton**. Hn tb»or of the valley 

IS even, affonlinK* cainpinir irn un i f- r a Inis* of Ikniawtu Arabs, 
and is i>f «»*itd, trranh and iiiiid nid* ly stralitied.* Tlie 

surface TIM'S to a low »»<i.ilc abnu 2 nuirs south of Sheila], the 
height of w hich h^ l*crti l*.t d ' d« t* nnitu'^l for me by ( spt, Lyons 
hy level ling to W - c | J f.,t . 2" inetrrs > aU‘ve hightwt doods 
at Klitdlal ami tbr island of l*h«:a . which is op|ttwite this village ; and 
here, again, if wr w 11.11 t*» *t.mpan the origimal height of the water- 
aurfare with that of th** dai.wt mai a*id, as a j^sfe eatimatCf 

ljr» or fe»d - making h-'' ll f*^t as the amount of ditferenoe of 
surface dunng high fU^sU This h vrl that at Kom Umbo, 

but may U- amounted for h\ the dt6ereuoe in the physical con- 
ditions of each pU<v ; :hr N d* bring hon* nafTviwed and cDcui]ibert4 

‘ Kecawt m tlw Oirtrrr.ftwe: i>f Kgypt .*« ’ IViennud lm|wti<m. ate.,* ItM. 
ApisMadts til lA Vt 5 fr'.v'i* a,.*, .f^YAenwi in the oW 

K«W (WpuMU iMlJt* Mtei t»i m p H 

* tU^Wicf's ‘iluoir i.i I P|wr Kgup* ^x>nUov» an rxorUrol llttU Wiap of 
iW of AassUn l-X*.* 2T4' 

H« firrt vi«»i i«> thu »a.>i ««« ,o ejNcnjMOiy aiiii Ca|>e. Ltisas. mho tadi- 
wUi ^ tis ongw m» an AiW »aUe> . a view which a tuh t mqtmm t tiiil fait/ 
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bv irraniu* rid|riNS to«UHid of having merely to find iU way 
through a wide plain a» at the Utter }dact\ X«Mtr the northent 
end of the milway^cutting aU>Vf^ Ai^uau wo find a (h^poait of the 
old Xiio mud with handa of {lohMcw nniting on the upturned tnlgoa 
of the ancient etdimU, 


Fig. :» . — S^-tion finfm tAr rttrr-AitnJi lA/ /r/4tmi of 

S4hil ot thi Ftrgt (\ttan$ct.* 



OU Vtif 


8 «»XubMUi mxl Omi >om**r»t<’ 

0«wOr»niU^ <tT l\w proM'itt loi*) rhatitieU of the Iftle, 

[ l>i»tAfter •• fire i? loilc# | 


The Talley imw de«<*ril»rti wan nx rtt»ni*iN| |i\ U^lh Adama M nn 
anriotit n%er-< haioiel. and iti Ihe rtliunal <|ep«i|a tn the mrinoii 
north of It he fortunate m di«<*oentii; nuim'roun nhcdU, »ueh an 
ut ntoi ltuhm*$§ y%tUu§,* Fimo 

did not {i« rui>t of a rarefid M»arih my own part. 

From the fort'gtung tarta and r».ii*»ii|rriitu»H'» il w»ll U' olMerretl 
that the rvulenre of a fi*rmer higher Nile ioirfaie afforded hy Ihe old 
terraccw i« eontimoHl hy tfint »>f the old thtintoU. 'I’he watera 
whnh formerly etu-mlrd orer the ihM»r of the Nile Valley with a 
lireadth of iM’Teral mihw am now (.oitlni'd h> ImnliH which aft* 
•eldom j mile apart, and thi** ha«» re**iil!«'<!. no! in eoit«M'<pieiire 
of the deejM'iiing of the thaiiiiel. hut hv ref»**»n of the tlinunution 
tn rolume of the water* theuiM he*, d fii* 1 * »howii hy the faet 
that there u 110 acouring of the Nile <hniine), the rurmn! U'ing 
inaufRcieiit for Ihi* joirine**’ ; att<i lH*mide* thi*. the iKinng* which 
hare l^ren ma^Ie *how that the t»e<l of the nv»r i* lornpoaiHl of 
allurial mud of ronaiderahle depth.* The U»<| la, in fai l, riairig hy 
aertauton* of drjK*Htt comjtarahle with that who h im annuall) apread 
arer the cullirah'^l land* on either Hide dunng the high fhHxU, and 
which ha* lie«*fi fMitimate<i hy Mr. Wilh#»ek.H. Kngine^’f lo the 
Fuhhe Work* I>e|>anment, U» amount to n Tj metre 1 t 7 inehit*) 
in lf*i) year*.* We are therefore ohiig«‘d to have reeourae lo 
another elfdanatioti - namely, the derrea*e, and tn part eeaaatnm* 
of the rainfall o%rr the entire h)drf»gra pineal haain «d the riref-~ 
in onler to accvniot for lh»* deerea*** in volume. 

The hy(iti(he«ni of a former greater vfdume ni the river haa thu 
•upfarrt of l>rith Adam*, /ittol, Lvoim, an<i other*, aiol mat thorn* 
foTo bo conjiirlrred aa an accu^pted hyj*ithf**i* though it i* not, aa it 
acwma lo mo, brought ftrrward with tuffieienl prominence hy wrtlora 

* It U a«ar ihU plane that tli* great «tohaain»eT.i u U* b* m**!#. 

• Quart Hoc. tol n. nh^V|< p i:». Ihe »}*>««*« »«rfw deUTWinod 

ly tb» Ula H P Waodward. ih* ?l*ior*f H»*^ory M 

• At thlwiMb. wherr* tha Nubian haixlw/aiff rroe*** tt»e n*tfr, the icdid fook 

wao iUll a«4 raat trilh aftrr honoM lo a dr)>th of Jjlr to maira* (tSi^ lo 78 CmI^ 
balow low Jf ila, * Bap. Twshnirat ckwimiNMi^ai.' n. *1 ‘ }> 

* Baport oo * Paramial ImptlHm of IBH. p. Ti. 
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on EgjptiMn geography, who Iuito had gonerallj other oljeeia ^ 
inreiti^taon before tb^r minds, hot 1 shoold like to quote in this 
connexion the language of Prof. Zittel as follows : — 

*AlJe diese Thatsachen bewctsen, dass der Nil einst ein weit 
nichtigerer nnd retssenderer Btrom als hcutzutage war, nnd daas 
lie Oattung JStKerin^ welcbc jetzt erst siidlich von Assuan beginnt, 
fniher weiter nach Norden vorbreitet war.’ * 

Part IV. 

H. The Pluvial Period. 

When traTorsiijg, in 1 *^ 4 , th<- tine valleys of the Sinaitio 

PenitiMiltt and Ariil»ia l*« traM, the *U>ltoms of which, now dry. are 
of alluvial d* I came t4i the conclusion that at a 

former |*erir*fh afid tinder differmt rhmalir c/*iidition^, they con-> 
st^tut4s] the channel* of an etfon*iv»- ri^er-systi m draining into the 
llfsl Sea.' It is oiil\ nt rare interval* that nin falls over this 
region, 111 the form «d ihuTidcrsii»rnis of short duration, 

and thei are quite o fit i<«a<<ount h*T tlo Jorination of valleys, 

aometimes a mile or mor* ifi hre.idth .«nil hundrM" of fe*‘t in depth, 
‘Hie dr) nvf f*v«Ile\* a ha h ojwi n mto the N lie, ehiefly slong the 
rajdrfn side, tell a •iiiidnr title. The ♦tream* whirh Howed along 
thetn, and I*) ahah th» > H«r»- i *'n\fite^l. have dra'*(i U]> and 
disapjwtared . llie dtirtug ahj»h this of valley- 

erimion, of terra^^r , and ot hi^^h uent on may well be 

deaigiiatfs! • Ihm !sl ‘ fr»»tii the I'li ><•» lo d<«wn through 

the j^ist |*la»«*':ir. 4*»d trrtntu v» .th rtv-* nt I* is a term 

mdiratiieof ttiete»»rnl«tg;i ..li ruth* r than r«*nditioni, though 

not unronne< t€vl «ith these. 


( ov. I f SImS. 

Tile ronrlusioti to whi h w.- are dnveti from a cotisiderattoii of 
the aliovr {dienomeua i* that the Nih > 4* de» rra.s«*i in volume to 
a largt^ extent, »s romj'arei! with ih«t of pniiitv^l times. It only 
rriuains U* eoitsuler how and a hen this det rea%e lots onw'n. 

As regaid* th« matimr in which thi* . han^’v t»sik place, 
there twn l«e onl) one answer ; h\ tlo dMuig uj* lu sourr*^ and 
tlihutarii’S ivw log to devrrasc ill thf rainfall. Thr oighottt 
i*f Its rourse, the nvrr runs ihn*ujrh 4 regwu» wrJI nigh ratnlcwa, 
where its waters are snhyi'ct to a i«nst.inl dr^tir; ihp'ttgh eva|iormtioii ; 
in eonaeijueiiee of which lU volumr at Khartum t* considerably 
larger than it i* at t'airo ; and the onl) w inder is, when one coo- 
tempUleii the cAtent of this rva|s»ralem, r^tteciAlly during the 

* l^slawmtof1wphMw.* lit I'vCt |» I TT this optakia 

mamlv «m the diwvovrrws bs Adswo shelU in tfw tti i rai as 

besoial the rrwrh %*( il>r (S<L«st« 

^ *4 ,\r»bsa IVtrww. He llcwi IV^rsc Kuwd. /sMswa. 

♦ giwh as the \Vsd» b*.isiii»«r. o|»|swrtr tWro \V Tsrfidi. ncivtli of 

Minwh , W itittt. ii|'pcaate tbs town of tbr saane . W OaMwti, omaiia 

Oiryvh 1 W. Kawsh. a valWv with a«Mu«ro«w Iwwt^cbva. IU«m; and 

V. Ahsi Waa»a. b»kiw Utsiw. 
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h ott er booUm, Uiftt ilo w«4«f« ew rmth the Moditenmnotii »t alL 
That ihej do to it owing to the foot thnt it it during Ummo month* 
thni the wnlert rite bv renton of the Abjtttiiinn floodt. The 
numerotit dry Ttllevt which enter the Nile Veliej in Middle end 
rppef Kg>']^ end !'iulii« thow thit thu region wet onoe nbuudently 
welered. 

When wc consider thr enormout oren of the h)r\irogrm|ihionl baiiin 
of the Nile, «*«nmttcd tt fu|imre huUmi, wr ciU) under 

ttand how a i^light cliuiAttc chnn^r m (he dirretion of inoreaiied 
bumtdity and ih'crtaiM'il t**uj{»eni?ur»’ Wi»uld rati-M' an etiormoua 
exnanfti'>n »*f r<>|vime >( ^rr«t rnvr. "Hu* %• ri'iiUy what 1 

beiiere UkA phire . und it nou rriti 2 Uii<« !*• cotitinlrr lh<» jiehad to 
which we mhouid retef th*’^ allvn-tl run dttioiu. 

Uunnj: th»* w l>rn (hr prtitm tal rivor w«f» 

chan ml Uni? «*vjt it** Ind. and when (l»r lasiid rrlaltvel) higher 
than a» ivp -nti .m r«v»^dii fh* ^urtute ni iln Mt ditcrritnottn, the 
rlimnC^ « utidit Ilia) hii*e Im*< ti :kt(4i|*i thni dith'rrtit from thoae 
of the j d t) '*rrr tht \jie U;!*.!!! ^ I'tit u hrt)»«*r the* Wtia Uir 

caikc <»r iv»t. w* huio {;rM.«tid^ 1*0 ihrtt dtiritig the 

auljiWM{M'nt rill** » !»»' t»en.«|, » hm |/»wrr t nohttorgiHl to n 
depth of ovrf ;/»►*' f<ct, atid the nr.-i ntn^tclu-il ti|‘ the Nilr \’ alley for 
M'rcral hutidnd inile«, the ron«ii( w t re differ* nt fium ihtom ql 
the pn'O' fit (SUM', The iTirreu>e of widM mirfjiM uito*l have licH*n 
aiN ottit{>at<iM! \*\ iit> rea*i*'d hunudit), a{;d a low 1 ring *>i tetl){*nra* 
turr, tumpareki with that «»f Mi«».*)i* tiis.**», And wlo^n th(*»t« 

Phoee^tif* r*'ridif iotis gai*’ pia**' I** th**** *d tii,> idvi%tiaeiie {i«*rtoci 
the rdtinaf sc ( '^luhtionn m (he dneitiai rtiuMi hav* In's'll atill 

further advrtr»(«'*l.' I h** lowering i>t 1 riis}** r at \ir»' ••M'r all the 
Kurojwwnan regiotin («• fh<- n<»rlh m»i*l hai*- gr<'ttlly iilfi** le<| (hoar 
we ore now di'^MiHiniiig. '|<i what exfeiif the ttnoual no’an tefiijm- 
rwtnrr f>f the «uhtropi(ul rogtotoi of Afro a w >i<>i hiwer*'d during the 
(darial iH^r^xl of the («‘m{H'rate A<»tie din nrarM'l) «wtiiim(«'<l with 
procitn^n, toil that the geiM»rftJ efidd Wiv* brought nlxiut (*anri<g, aii 
It ae«*m« to fu«*, b»’ < oni4’«te<J. My •»w ri vn w in that in thewi' 
rrftioo* the * l.tiiatie tontiitioiifi were nitnilar t<* thtHM' td Kurojie at 
the pn.wfit da). Ixdh a** r* gnr*li U'iii}a»rature and raintiiU ; niid if 
auch Were even approiitiMtid) the ea^ie, it i*i ra.«y to oi’^ount fur the 
vaaily greater voiijtne of ih** Nih* waU’rw iw* rNiiniittri**! with thoae 
which rt^nder F^)pt n**! *mly n huhitaf»le hsit u fertile r«>uDtry. 
F*»f thia e|jorh I od*»pl the term Ural. I la lieve. iiugg«iiUwJ b) 
Mr. Jameaofi fur ihia jwirl of the world namely, the PltiWal 
jw^iod.* 

‘ Lytjn* rmtauirn that at ihia f/trumi ( w«# *a twm- 
Mdaratita rmirifaJt ' orerr trtr arm o1 fahyae ih^tugh n/a trtnmtifp. 

t^fian. Oatd- *uI. I flMM* p. H«* ai»» K. A Hoyar. iMd. 

aot U*iu i ,Vai 

* Cofa l.yurui hoA urontmlamaliy miarwprwNJut^Kl ro^ir m^atMUg whan he 
aoggwaa tihual I hn«« nNe.nct4Ml tha i«rm ‘ Pluvial to Oml rapraaanlad 

hy iba Ulaeml of Eur*>pa. iJn the ountrory. I rvgartl ii mtofUmdirng 

from tha PUocwna liomu to Usw dtnaa <vf the pM Pt><i«.im«. aa will ha aaaai on 
niirriiif to my tgmnatr on tiaa * l*hyaimt Omplf»gy *ti Aralaa Pairmi omI 
l^ h kat ma ; Mam. Palaai. £it4or, Fand f t*p m, i 13. 
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IS. On entthlM (iSAHOTHnUtt, XOMFIBO ISCORPOftATKUl pf 

GA»>tto-PiAo«EJrri, im Snurs (Hkib). By Altred H A Rgi B» 
Eiq., y^A.. F.Oii., Fellow of St. JohnV CoUego, Cambridge. 
(Communicated by {lermiMioD of the Dircctor-Oeneral of the 
Ooologieal Surrey. Heed Februaiy 2tlth, 1S96.) 

IPwTtn XIll. A XIT.) 

T«t district of Strath in Skye, whirb Hm ao often formed the 
•ubjert of gi*o]n(ncal ile*en|»tioti, hjw \ieen aMtEiied to me to be 
mapped in detail for the (fO(ih»pra! Surrey ; and while entraged in 
thi« duty, during the fiaet summer and a jiorlion of the autumn, I 
had ocTsaaioii to atudy the wmijdex i mm of eruptive roek* which 
eitend* from l>»eh Sia{dn on th»‘ we^f to the S»und of Naljiay and 
itl^iailford Bny on the e«mt. Among the featunn of intertut etin- 
With iginHom r*. k#». ini(w>rta!>eo attiw htr to 

their relatifom «»n*‘ to auc^ther, and thia auhje«f,’t ha« n'^eivinl due 
attefilioti. The full th't.tiU a ill Iw filly defem^d until th» apf^’ar- 
anee of the ot!i«'iai Menunr*; hut, with thf *anrtix»n of »he 
Ihrreiofd teneral, 1 now preiwn! t** tlo* StHiefx the folhtwrtitg hnef 
aeooUfit of f't'rlain ifitru*»ona •»( gnjiioph) re ihhi^lraling a 

|»eewhafity whiih. 1 U‘h*T# , ha« ti »' \*t re^etw-if notice, 

The granMph\ re* ot sk\r ha\i» U^n d^'wenU'^l. «« a whede, hv 
lla<'euih**di, <»eWi!iAU*en and Viuj In-Orfi. J. Ih Fi*rU^. Sir .tnln- 
)«i)d fieikn / Frof. /irk<l. and IVmJ iudd. u;tn«Taiogicai 

and leitural rarmtioo^j. ih» •«* r*t'k^ h4%r a gr;jor;v] unity of 

rharaeter*. whit It lhe\ nhari* wi?h rf>^ k«* *d various in 

other region* 'Hir r yAiuph-* W ths*4'ri^«rth howoror. preaenl 
cjuile rleeptioiml finturto, which n? l* he w<»nh\ of lyamination. 
iliey form ftvr di*t,nrt tntru«i>»n« h;ng fi «rth ,*110! Wf'nt of I/Kb 
Kilchnat an»! • t^r li mdew ifc*uth'Wo«t of hr\»^i^Jhinl 1 Mapk 
At fhia hnality tuxur* a trart t.f mawuiev »h ann ngglomemte* 
which haa iU own \uWrrni a» markinjr. attordiug to Sir A (irikie * 
the aite of a large volcanic vrni. It t* within, and on the borfieir 
of, thia agglomerate *ir4» t that the intru^mn* are aituated. In the 
aurmufidiiig diatnct numer‘>u* other maaaea of granophyre occur. 
Immedialwly to the in»nh i» the Urgr U^ta forming the Ked Hilla * 
to the aouih ia another namg info B<dnn-an~lKibhaich, while 
arvrral amaller intruaiotia are iwrha^w U> W regarded •« offthoota 
ftom theae large unew . but frtwu al! of thewv the peculiar rocka in 
uuearion are at once piched out in the held at priwenting marked 
aifferenoea from them, 

‘ llblkiwair ACkwkwmgrettMQgalltbrTivtiar^androekaarthMmoo 

aadw the eolUfltive mob# * «fwao|d>^te.* wkieh u airwOf aaplwabAe to mm of 
thaak ahhoi^ tlMee are tmtmtmm hath t« th» fiwaitoid tman 
and to iae-Mared * eaafia4ld»l«a * oa the othw, 

* Tiwaa Bey. Boo. fcltah vwl txav^lCii^) I(y7-I0a. 
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Gofii|iar«d with wluit m«y be caUed the nok-mal graDoph 3 rre 8 of 
the district, theoe rocki ire darker and nioifeitly richer in the 
iron-bnhtig miner lU. KxaiDiriitioo »boiri, too, that they are 
decidedly ^ : ten ijiectmeo* $;ive »{»ecihc parities ranging 

from Ui 2‘73, with a mran of while iwent} apecimena <if 

the normal grannpbyree of the diatm t ga%e from 2*51 to 2*66, with 
a mean of 2'4V^. ClcmcT in»|M*ctton often reveal* a mottled appear- 
ance, due to the dark mtmtrnU Wudtng to cluster in vaguelT d^ned 
patehfw, and in plnc«'* ihew paUhe« U-i m«>re distinct and arc 
aeeii to reprt**ent eiifhwHd (rai:metit» of aonie ha«jc rf»ck. In other 
rrwfiect*. for exatfijdc, in the pri tnlenev of the iiucn^gniphic alructurc, 
in Uie druf) rharaf ler of the iiior» joariit^ lx trxtur»'d tyjir, etc., thewe 
rock* fthow H < <Mrren]>orMien<f with the n^rmai granophyriMi of 
the diet net. It raiUiol, of ^^*ur*r^, W’ oaoM rted thaf they agri«ed 
pret^’l} With lh»‘ Ut(«T a» rr^'ard* th* < c»m{M)fition O'f the original 
tnagma, hut tt wiU lir ahown that the oifferenre* which now exiat 
are n^rUunlv duf , at leant in the main, to the takrng up and fiarttal 
diMNdiition h} th* urtii rnaf'ma of torn ign rtw k-frugiiirnu of more 
haaic t otu)MiKttton. 

It la Uf l>e olMK^rtfd ihnt th< |•^ < .lii4r tfrnii'>ph' re^ do not occur 
aa uiargittol nuMlitKation* i.f, *.r ha'in^' any vi*}ide relation to, 
gratiophyr«w of the nortnai kind, hut sudejM-mlent intruaion*. 
ktorcioer, the irtl ( hafft I- t* of ih« r«>* k* are di.^trihuted With 
ooiiaiderahle unitor m It > lhfeUi:J.‘»ut e *, h intru^iMf* .\nother jxiint 
to lie iiotif'e^l m that th» eoehiNK'd ». frivcnn nta hrtv»« n»d been 
drriv<Hl fr»>m the rtKk* which tK»rih r the Uitru'^iuft* a* •^en in out- 
crop. KA(«'p(tn|; that the ino^t ca«lrrt\ and Uxr nnxat wtwterlv of 
the itktru*oon» ore m lHfu*,d<d h\ , th* riH'k iii(*jntart 

It everywhere the n haiio aggh no FMe Tl»» n* k t ragmen t* in 
the agglonieratr ar* chnlly *d and gru, prtdfcahh Juraaaic, 

and hoanlt aimiUr to that «d the f«d<led l*\ a* th# tin*trn't. The 
included fragment* in the gran*>ph}rf are in m ral of guhhro. 
which 1 ha%e not d*t«^ t#d in the aggh merat* . Jhey were there- 
fore deriv'd ff»»tn •.‘•no rr »nean * ur^#. and. ,*.* wr have aecn, 

from auih a depth aa !»• &U w <»t the;: Nr*Mi.:ng <iiatnhui 4 d with 
aume regulanty Ummgh lh< »n%i*itii.g n ^gn.a prior to the cmo- 
aolidation of the Utte; in it* pn^ritt *urround;ng«. 

The literature of foreign frwgrornt* cn m tgnt^>u* rocka ia 

Toluminoua. hut it giv#'* little iitfonnaiion Uarmg on ftuch a caac 
aa the pnwent, wlu it |•ortu«n• of a ham r*ck fiavr lieen enveloped 
and attAckvd hy an acid magma Indeed, /irkrl ' rv^marka > bt t 
• cauatAc * action la iit»l km>wii in the na*e t»f fragment* enrloeed in 
graniUe and lycnit#'*. llie fuUr»t aa\»unt *>f »mh phenomena m 
that given by l^rwf. S,dla* ' in hi* dc»<'n^>tu>n of the relatiaih* of 
the granite and gabbro of lUnunavr in the duim-t of Carlingford. 
Thi* oecurrence ha* obviou* |»otnt* in o*.nu mon with the one under 
di*cu«i*ioti : aomr of the diffrrrncr* Utwr^nv the two will be brought 
out in the following pagiw. Ihe rntdihcaliun* exhibited by the 

’ ’ Ij^urtMch dev ret/vigTWph*r, ed f-d % (l*^> ^ fiOgL 

* Tfwiuc Moy. Irwb Aicwd, wt aaa^ wi. pp 477-611 
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Corruck FciU grmiio{ib}Tv near ite coaUct with % highly butio gobhfo 
hare bcoo dawmb^ hy th« pnwoat wrtUir,* but there the dieeo- 
Itttiua of the (ieriTi^ matenal hot boon moob more complete^ end 
the eomlog}' with the preeeut co»e » moi\> remote. 

The xeaaliiii» ' tu our i;nu»uphyree ere, » rule« Im than an 
ineh in diaiuccer, and hare tll-dc^ued outlinea. Thuae readily 
reeoitiiiied af»d ideiititied h) the eye aa dbtinct furehcti (ra^monta 
are not c\>titmou. in the thin alicea undeatroyed xeiiuliUia are not 
£rei|urnt hut altertxi xem^or^ala are uniremally found. 

iliMht oi thi% drri\ed material haa undotihtiHii) come from a 
gahhru, and irum otu* tHmi|»iinih)e with the t^nlitiary irahhroa 

o{ the diiitrtct, 9uch an that whieh meupiryi a conaidrratde traol to 
ttw' ni>rth~<’aikt of the Ihxi llilh. Of gahhroa, n« ai^en •« rt/u, 

a autniuari de^ ripUntt a lU »ufrice. They con«ut eaaentially of 
ielA|K%r and augiU . 'Hie !« lii{tar i» it<«uaU\ a lahradorile, often til 
i4n>nn«r}«tur rri^tai* *h«>atng iMiitur ionari luiitding U'lween crttaaed 
nieuii. 1 he angttr m |tah' hmait X** aliniMt rtdunrhNPwi in thin aliooa. 
ituitea^l v»t the tfue (iia.iage «tructur«\ |>arallel tu the ott h«»|nttaeoid. 
It hiM> u»uaii% a df hrate ulrtatiun itarHiU 1 to the iMMal }dane, oftcm 
etnphoAi/oi ‘t*\ A more or Usm |»rot)(kuneecl nehiUer structure. Thia 
ofiii juirt oI A rrint.i). ntxl it imparU n dee|ier 
li^owtk lint tw the A rhomtoe p\rtixriie i« rar«'l\ inel with in 

the ot ihm di«irn t, though it o<‘< um 111 notiir ot the eoaraer 

riM k» *){ the ( UiUin 11 uU. farther we*l. Uikti’i^gnirahie olivine ia 
not ('anmoii, although tl iua\ tKiinrltitie# Ih' ( iitu'«'nle<} hi Mn'oiidaty 
magnet lU' daat, ik.% rnnarktd h\ I'rof. Judd, origiiuil inagnetite 
ikften iU graiti* or |ait< hea. !Ni'<'<lh« ui apatite 

are met aiin, hut t^y n.« ineanw < >n<»tantly 

rt»e g thhro dt hrit in the icrariophire i» *0011 in itie ilim ulirm in 
ditfereni ^ <it d.^k-^ dution, t»'ut »«» f»*r the part et>fnp|rudy 

dti»intei;rat<> 4 l i»\ the eauaMe or a*dv«u»i aetn»n nf the ae»d nniicma <»fi 
fMtnie id ii^ minerai^i. I tokwe ituerit.«« whn h ri^n*led nui h ai tiofi 
have l*e* n M t Iriv', and noa figure a*k ien«af\«»ta, eiihi'r inUiet or 
im^re of le#» jM rferllv traii<ktorm*'<'l into ottirr iiutM»tane 4 a, At the 
Mini** titnr tiie mat* rial ai*fMirtN'd Ima mo<liti*'d th< eotiifMitut ion of 
the magma, in the general im iijm- of rendering it le*w aeid, and thi* 

}4i of cvturw^ I xpr«ik«<i>i in the pneiurtti of the tinai eon»*ohdation of 
tiie graiiophyr* . In ord«T ht pri««*iif in form theotjaerr* 

atn*n^ made, it will U* f-«*nvenii nt to hy « ti(|u<rinK what ha# 

brfaih*n eai h *if the * hief * ori«tituent«* of Uie gnhhfo 

^ Qixaet JiAirts t 4 Ik |*j». Jdll 

* ^ I* f*r <*»»«} k4rri>«>rw^r | Prof • frero* trnohth ' for an eneloaal 

Urfm^u aiMl ' xmtujcrjt' for an laifialkal rrj¥,Ai of f<ir«mti 

d«nv%U««i. j 

* Mr Tiaali Quart Jourtt <*•**! »4 t{ l“^4. j[f|» tVgt, 017) 

iCi Urtntr.g tht* a^ruicture •iiofd/ a atrtalt'nk * I*, duaw r>o< AfjMMr n> hr a twin* 

taa>a.ia£«:(j>T.. ar*«l I fiavr ahir lo aattaf* tutflf aa t«i ifca tru* naCuiMi. 

Mr laan f«g»Mr<l n, in th.^ Wnm ^ld. aa of «r<yaaUM urtgtu (mi I fiat# 
■ara c.»ah.rsjj{ Wa.img Ui ^hi.* tu tin^ galihrejuof Carroeli f#lJ. 

M Uaviu a. atis., atrl it* <ircurnit«r in »r^irvjc'»y*U a# daWiUwl tr*h*W Wolikl 

(hffirop. ti> f«Krf*«»£iir n*t* a *o{»|«M»inufi Vlj^rr h tiflh. IMaV | 

C|. J. U. s. No. :fini. X 
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It it fifobtUe thtt the needles of spatite teen in most of the 
sheet here been in pert derived intect from destroyed gsbbro-fnig* 
ineillt^ bnt this is not snsceptibie of decisive proof. Similar needles 
oecnr in the normal ptmophyrea as well as in the ^bbros of the 
diilrict/ and their rather capriciotu distribution in both rocks 
renderi unsafe any arirunient founded on the relative amounts of 
the mineraJ in different slides. 

It is the aiiirtte that affords the most eonclusire proof of the 
extraneous orijrin of the xenocrysts» and this is due to the charac- 
teristie banal st nation of the frabbro-au^itc. a feature not found in 
the aufdte of the normal jrranophyrea. In the rcy*o|rnirahle enclosed 
ffstrn>enf« of jfahbro * the au^nte shows no rhanpe ex(?ept a 

eonvrnuon to hrownbh-|rn*en, rather fibrous hornblende at the cnlfre 
of thi* eiystul, a transformation vor>’ common in the ordinarj’ pibbros 
of the distrirt (1*1. XIII. fitf. I). In the isolnti^I xenocrysts the 
conversion to hornblende ii* usually far advantrfd. and in these rocks 
in prneml this mineml ]>re<l<mnruites over nufrite. It is yellowish to 
bfownish’CnM^n or wimetime** irre«-nish-brown in colour, and of rom- 
paet i as rojitrast^d with fibrous ) stnietiiro, Ver\' often there is a core 
of iinri«nn(je<l aupitr witli the bas.al si nation that indirat^^s its deriv’a- 
tion frnni jratdiro, and the tfae«*s*tf this structure are s€»riHMinies mm-o — 
eren when the »'of»veri*ion to bonddende bn* romf*b‘te ( 1*1, XI II. 
flif I. Fiiibnjf tbi*i rvidrfui , tb*' denvution of the i»ornblende can 
ofti n t»e inferrcf! from the irn'irTjl.ir shajM- of its rrystals, or from its 
(tnebtsmi; abundant ^bajwb'** i-r/ons of n.a^'netite On the other 
hand, tln re i« u»iulh s*»no bonibb-ndr j»r« **ontinfr the rrxstal outliti(*a 
prt»|w'r to ih-xt imncrnl, ami this must ferlaiuK hav«- era’staUi/f*d out 
from the nosldird trrano(ibyn* tnairma i 1*1. XIII ftiTs 4. 1 , In Mime 

sbdf*s It is %rr% plrntifub It d''*'* not differ matenallv in colour and 
|ile«»<'hroism frum the |sw'u<ii>nior{ditr hornblende It ma\ U' rt^ 
Uisfkt'd that tslu n the Utter eneloM's a e»>rf‘ of uro banjred aumte the 
two minersU hnrr the usual rrystnll*»xr»j*hir feUtioii. the K and f axes 
bcitiK r**nimon t** U'lb in a rhno|»tnsonulal se» torn the ettinetion* 
sti|?)e of the auptc is :<;• . and of the hornbleiub 1 •* . on the same 
aide *»f the %erliral In addition to the auirte pUinU denved 

fhim ifttbbrv, srrernl «d the sltdt^ contain rather ruunde«i ^n^ins of 
aunttr showiti|t neither tmsal st nation nor |sirtial r on version to horu- 
bictide. t’nleisi these be relies of >atiiah4^1 xenohth* of ^swuilt, they 
are probably to tie rnninled as havinfr cr^ stalhml out direct l\ from 
the modihtHl irranofibyre maimis ( 1*1. Xltl. hf. 1 1. Tliu would not 
bt» remarkahle, for auptr is walrly dutHhuud in the normal {rrano- 
idiyrrs of the diatnet. where ii oAeti «icruni side bv side with ori|rinal 
nomldende. ivner, however, non -striated aiipte i» found in many 
of the irmbhros. the atisence of thu st met ore cannot in itself be 
reiranled as concluriTe. 

At iiamarave the xenom'sia of diallase are described by Prof. 
Aollas as ahowini; tbriv dtffcmit lines vi alteration, the rharacteristk 
products brinie raapeetirely prrantilar aufite. biotile, and irreen hom* 

* TW numbers b> t wf<en parsot h osm are those <i tbs •IwW «a the imUtTfimw 
of lbs Osotogwal Siarrey. 
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bkiHle, willi mtignHiie on m €oii€>oiiitt«iil of ro«li. Oolj ^ loot of 
thooo thrm t* rrpronootod to U»o pioMt oooo t iiowly*ftiimod 

OQfrtte luyi brm produ<^ only indtrocilr by Uior oocmtloii fWmi tho 
mftirmt. ;»tid biotiti* hot nat Wn oboomd* At Corroclr 
F<^l tb«* harr ci^mploUdy oboorbod by 

th** majrnu, rryntAllisofion ho« gtmn h»o to now 

on^to Wfth horTTblf iidr und 

Tw^^i *»f th*' i. Afford eridi'fucv i%f th© ocrurronoo of 

<»f « nstiitiv h\|»©r*lh©m\ Th©r© t* 0 portiol oonror^ 
■ton lo hom>^lrm|r At the to Ar^in. whd*' thr interior i» iiorpofttiiiitod 
or fnor»' fArrl\ iiriAlT«*ri*(i {1*1. XIV, tl|f. 7t. 

|wrud''m tr]>h« Aftor oltriur* A|i{iArrntly of * pUitio ’ 
Ain|i>ht'i> »)' . nr*' *w^n »'H( Imr»l in tho rrtn'« i*f utriAtod AUfpt© {d7<Mb 
or imd itr l ; » th‘' jrmn phyr*' niAlrin if>7o;h. Thorr in no lioriAitr© 
©ntrnon t * whi^th^r thr«r lAtU'f hAVr <^»m© from th© 

gAt )hr'» *»r fri*m dox-t ritu’*! bA^.vlt- 

♦Tr iu;* «d irr» ‘j^nliir *»bA|t»' Arf om^ioiJdrd ill mAiiy of tho 
AUfTitr rA**« ;i’id th«- honi^*lot«<J»' jn*rii«I<>mor|»h« Aftor thrm, 

And d * n.>f ddlrr fr 'in thr Krainw in tho oriifinAl )r*hbro. 

||«i«t nf tKr* ,ih>:n'iint in k/Of'ttt** in thr* iihro« »■, h»»w©vrr, of A 
diff* rrn! lnr» I. KtisM iti* |i-Tf«*rt tir imjw'rfof't «*otAhoiirA. Though 
|iorth jfik* »«utw*tAnrr iron urn fr«»m $ftthhro* 

d«d>riii. jt 1% ♦\idnntly .% nrw rr\ M aUi# At ion fmm th»’ rntMliflod 
r»* \t t’ArriH'k Frll (hr ir<tn orr from Ihr ({Abbrii 

hi# twf’n nnf««t!y, htjt not < ntind) .iW^rtwl . itn |tAriiAl •iirvir il m»y 
U" <Iur to itA r itrAordinAfA amount and it* hiKhl) 

Titttnrr. 

Ih%tinrt urn^H ty nt* of irnhhn*^ f« !<»|iar ;ifr rnm in thr »(MvimrnA 
nhrrd. hnt iK* "! ar*’ *M'rttinonall> found, r«ij*#N-inny in thr iiri|i^hU>ur' 
bond of 4' tijit! t<'nolith». < tnr* *in!n(*h on»"fitr«| rryAtnl iTAr© 

cjitim t»on anjrho* iio ^nd :ir, m fihrmiit© lanndlir, and i* prtmumAhly 
lahroijontr \i\,i thr rojnmon frlapar in tfir |kr<ihhr(M of ihr d»«lnrt. 
It hA* a fnfirfrir»!d inf^TtfroA th of n nior»» wnd fid*pAf, and, likr tho 
frUpAf *j*h« f>or n *?• in all thriM’ (rmno|»h\ rr»*, liA* iM'rrrvI ah nnrlruA 
for A trrowth of mirrr^iK'j.'tnatilr « r»7»»l i, ft t» rlmr that m**#! of 
Uir frUpAr of Ihr rnrloord tfAhtiro- frA^fmrntii liAA U^rn romjilrtrfy 
Aboortird h\ th»" rnvrlopinif mt^rtriA, llir rr«ult ta Aonn in a ifrrAt 
pfrpandrrnnrr of n^iifladimr r»vrr {KitAAh'frlupAr in thr rork a* flnAlly 
ron»olidat©d, otrnj.amf with thr normal pp^i>o|ihyrr* of thr di«trirt. 
Tbit dotninari! frUjiar nonna, howrrrr, l/» hr rhirfly thr yaitA) 
oli|toclA*r, With <|uitr low rxlinriion-anKlr*. At IfamarArr s«tio* 
<t)aU of frlftjiAf (hytownitr ) Ar«rm to lir common, though thry at© 
dfAcrihtd A* ahowing mrroainn mnd other aigna of rhangr. 

Apart from thr firruliaritirA drarntird, thr r^-rk* hrrr draft with 
prcAcnt A gumrcmi aimilAnty to Ihr normal gra n of»h ) rr a, HuwffArr, 
hcrwrrrr, one or two Atirci^ fjotnU wf^rlh noting. Soircral writofa* 
in dcAcnhing t>>r phrnomrtiA of Arnolitha of acid rorlw in hAM»}t« 
And diaficaArA, hairr rrmarkrd a tondcory to thr formation of hollow 
AfkAM, naually fllM by Imtor prodorU. Indirattona of tbo Anou 
teadMicy are not wnaling to tb« pnwont convemr rgoA, tboi^fli 

t2 
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tii« dfeasotUMtc* are different. In one exmoide are foen ring-likn 
aggnsgitM, about |V> diameter, of bomblendO'Cryvtali. ear* 

roniidiog arijat of clear quarU (0705, PL XIIL fig. 0). Quarta ia 
freqoeoUy •een moulded a|ion bombiende-ciyatal*, and, in eereral 
4idra, penetrated by aciinolitic needlea ( I*L Xlll. fig. 5). Such 
patchfM of quarti; art quite different from the qaai»i>|ioqihyritic graina 
common in the granophyrei, and they seem to be of late formation — 
not niyreaaarily seixindar)' in the uanal iicnae. Th4*y proliably occupy 
what bare once boon vacant apacea formed in oonneiion with the 
dfotruction of xenolitha, and are quit** diatinrt from dru«?«. The 
latter are ai»»o found here juat aa in the normal granophyroa, and 
are rornmonly filled by calcite and quartz (tJTuT. PI. XIV. fig. ^). 
In placca it craii be ik«en that the calcite-eiyittaiA pp»jef t into the 
quartz, which again tndicatea that aome of the latter mineral Udonga 
to a %ery late atage in the hinUiry of tlie rot k. 

In addition to the relica of gahbro in th<*M* granophyren there are 
oeeaAioital trae(?4i of iiulusiona of other ritekn. In partirnlnr thcTe are 
granular ugirregatcs cotiHiMting largel\ of honiblendr* and magnetite 
and preaimting angular out hnoa to the fiurroundtng matrix 
1*1. XIV. fig. 10). probabl) repnm'tit xriiolithn of in an 

advanced atage of diMiolutton. .\l junrtion*^ of UaMilt .ir»d graiiophyre 
in other |iartaof Skye, an well a* iti Hum, Mull, and .Vrflnamtirchati, 
deU('h(4 tragmnita of banalt in the grati<*phyrr can U* Iracwl down 
to quite ainiilar aggregate?*. In nome tan4'% the ferrTom.'u’nwian 
mtneral protluced in augite ; in other a* Herr, it ti* hornblende. 

The grtaU^r part of the rotki* now* deacnU'tl no trare of 

foreign fragriteiit« other liiaii th«*»e of gahbro. 

There *«re, however, certain finr-textunxi portion** of theme 
granophyre-maaaca to w hich alluMon luin nv*t yet l>«*4‘n m.«de. and 
the xeiiolittia in Uii*i»e are of a different ebaracU’r. 'Hm r>i< kn occur 
ou the murgiti of an ititruniou or an a limb exf« nding from the 
mam lanly, and it i* md eany lf» d*'ride wbi lh« r ihr^e and the 
mun* uaunl coaiwe ty|>r rt»prtwerit parta of a ungle uitru»*i‘*n. The 
gratiophyric •tructure i* atwn'iii or ncanrlv drvi'Ii*p'<i m fine* 

gratiit'd rorka, and one example ahuw* strong Huxum ( I'L XIV. 
tig. llii. d’ht' eiudiMH'd fragnienta are very di*tincth M't n in hand 
apn'imeiia, are aubatiguUr Ui piiutided in abapr. and are ehtef!% of dark 
cium|iacl lava, usually not more than \ inch in diarr;eu*r 1 nie tlide 
ahoWa recognualde pUHTe of liaaalt. {tartly vevncuUr, of microlitic 
andcwitr, and of aquartxoae grit tfi7*M. 1*1, .\1V. lii: U k Another 
ahowa ool) lia«ialta. one with |a>r|*hy ntir frU{kar« ftabbru 

haa not bt*en tdenUfied, and the frmgmrnu noticeil an* aH »uch aa 
might l«e obtained from the agglumerate through w hi^ h the intruaiom* 
have broken. They are tn no ca»r very highly ahcrt^il, and. though 
their rounded form |»omU U> a certain amount of al»M»rptioii by the 
magma, the latter 1 m clearly ihM been very conaidembly enrich^ in 
baatc oanatituenta. In all ibewe poiota thm rock» contraat with the 
eoarwer granophyrea dewchlied above. 

The fine- textured rock% with thnr eudenct^ *4 romparativ4y 
rapid chilling, prveumably repftwmt the cariieat imtfiCion* of the 
•c^ amgma. The marked difference between them and the eowraer 
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grmiiophyra sMiiif to point to % dittinci oopanition botwoon thorn 
in rpop<»ct of lime and of the eircumatanoee atteiidiii|i intruaioo, lad 
the contrmet between the xenolitha of the two type* decidedly 
eoforere thin reoeoning. The |Kirtion of the oeici mefrma firtt 
intruded oppeom to hare merely enrioeed fra^rmenta dorired from 
the boundini; walla, aa many other iftneoua rocka hare done in thia 
and other diatrirta. The main body of the itranophy re-magma, which 
followed perha{Mi after aome intenral of time, haa taken up foreign 
material amounting to fully ^ of ita own bulk, derived, not from 
the bonienng rocka, but from a gabbro probably at a conaidor* 
able depth lieneath, Henun, toi\ thia latu»r eaae ditfera from the 
eaampW already cited from other diatricU. At lianiavaTe, where 
the evidence aeem« to Im' Aingnlarly eomjdete, the phenomenon ia 
eeaeiitially a * contact* one. At t'arrock rVJI, owing to a|it*oial cir- 
eum«tan<^ U)ion which I hare remarkiv) ela«>wherr, the diaaolution of 
the drririd tragroeiiU ha» prore*’<lr<i much farther than in the Iriah 
eiamplc, but the broad reUttotia an* the «.tme. The nitklidoation 
of the jrrauojihyrr ia r^mflneil to the neighUnirhiaal of ita eontant 
with the grihbro. aful di«ap{>eam rapidly an we reonKle fn>m that 
rontart. In the inatanc<’ now dearhlM^l in the Strath diatrici, on 
the other hand, the abundant foreign matenal haa l>een taken up 
nrior to the intrusion <»f the magma into lU pn>«ent aurrotindiiiga ; 
haa lieen diatribute^l with atime appn»a^h l« tiniformit\ prior to or 
during the intruai(»n , arid, t irepi for the ndioa d<wril»e<l ah<iva, 
haa then a)»ai»rlie>d inUi the granophy'n* tnagmn. The wholfi 

niajMi of «M( h iriiriuion. ex» hiding the Htie ir»tur«H| non*grnnophyrie 
iKtrtionM, haa the aame general chararfeni throughout. 

A «ju«'ation of ge neral infereat natitmlly an^w^* from a ronaideration 
of Ihia . If the eafi*lit action of the acid magma had licfui from 
any rauM* more energHic, and had wuffinMl to destroy the rrlica of 
gabbro ae c<*fnplrtely aa h«* ta*en rffeeu^l at <’ttrT<»ck Kell, it would 
have l>e4m imjeiaiiihle {Without careful and njierialiv direrte«| iioaroh) 
to detect ari\ evidence i»f the iiieor]K»ra!iofi «»f foreign material, la, 
then, tht« factor an imjatrlant one to taken mUt account in 
dtacunaing the origin of ignf*«iua ra^ka in general ' l*ruf. Holtaa, 
IH*. Johnston- and aome other geolngi«u would proliably 
anawrr c|ue«tion in the affirmative*. I refrain from e^prcwaing 
any opinion.* llir facta di’tailH at^ive a^lrnit <if f>hviou» tipplicatiun 
U> the prohh m ; but it may In* urged on the other hand that, war* 
compUta alMorption of lenolitha to morltfv the rom{a>«tt}on of a 
ro«^k -magma a froijumt o<jcurmice. caa^-a of incomplete alaw^rpitOfl 
auch aa that here dtacriliod ahould lie more common thaii tb^ 
appear to l^. 

‘ €hi*4 Mag I'-tH. pp 47 4H, ' Natural Hetew * l» ftfiM) 

pp 154 I4il CVjtDp, A. TOO l>MNutf. lfeo«i iahrt* I**?** f> 713. 

* Pr»>f Ue irg*' Haa iwrrotl* flUUUMi with mt»eH nufwiwn Ihm argif atawt agalaal 
the K>»rulf. If letiei l/ry. atwl other*, •hi-'h aopfaaw* that fraatt#- 

tntniaaaM la rmr, 0 rrj ‘ aawmttalad * lam potoin* *rf iKa oatghbouHiy 
•tiid euci* ' fha graptia fi ataioa <iaa KnaUaniagahotaa^* pc.ii.pp. lid, 

«m. V I tanakalwi I *fcahta lAurtfur. 1 MathMmatiai'natarv. Kkww, 1^05, 

f. 
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1XPLA5ATIOH OF PLATK8 3011. A XIV. 

[Tbt OMbm lo Uttckirto an* Umm of the fifiired •Udet in the eoUcctiOB of tfa* 
Oeaioftcni Burrtj st the Jemijn Stmt Mueeuin.] 

Plat* XIII. 

Flf I. |HTfH ] Orenijphyrr •hovtoi; tiali%e ami fornjfn augite*. To 

tl>e nght itf the magiirttte in tbr nenirr an- •ctrraJ frranulei of 
aupte |>ru|Mir to the franot4i^i> to the iHi of the flirurr »a o 
IPkwrf^'iebolith but Itule aiirred. In thi* tiie (tnli\ weil.cieaved 
auKilr forma opiiiLk* |>}ate» «nrl»«tt.g tlie fel»|»ar, and the onl^r 
ahemtioti ia a lit lie marKinal ifintmnon mt*» h<»niblmde. Tlie 
tiaaa] at nation i» not aern Iterr. Hee p 

F<IC ^ (67tir>.j x40. QraiiopLjrr ahoumf xenuenaU of auirtte denred fnica 

iralinrtt. Thia la tiro«e«l ihrtr retaituft^ tlw bk»ai atrialton and 

arhiDericaitoii. winch la o^NiihiTM^i with the onintan orthopinac- 
Clidal twtnniri|{ Uj gt^r Ihr * hrmnu-Uine ' atruf'tun JSer |» 4*tif4 

Kig. n, jrt7<JtM X Sifiiilaraujpte-irnnrryala r.ifnertetl n»ti* hortihiendc, but 
at ill reiaitiinK the baaat arhdlernuitioit Se*^ p IC4 

Fi^j. 4. |67<l^» ] X l*i^K (Iranophypr c4»owiti|( iiorobic'ttde. Thia la 

proved by ita crralai^fonu. her p 

Fift- h. {(]7tt^.] X I'lll AUo abowini; idtotnorpht'' hornhiei.ih* and. it: addi> 
Uim, arlinolitir needlcw mdcnidcd m ' h-^r »art#. S*^- p 

Filf* (1. |C7<)f».] X ‘A) Hinit of >i«ndiletwlc*-<T> »taU aurroiiivdirsir an area 

of clear quarta. to erbwh iliry prrartit ultomorfihtc oullinea. 
See p. .m 


Pixra XIV 

Fi|t. 7. |13fl74.j x‘J>, |»olarif4’<l liftht, rniaeeii »»e-N4« Hrytt . phvr** c* ntairnnf 
a xenorryat of rtudminr. pn t*al4% deri»r<ii fr u. The 

interior «»f the rr)»4al i» inn* tlv^ i.oiai •rr|e'nUtiau* 

peeudoiMorph. but the marxrin »• n^|iiarw«i l»y t.4»rrit4cv>de. 

Tiiwanl# lU njjht liand end iW cri»'.al rjui., *<*»*• ♦». ..r t- rr^r ^.aU'hea 
of mtn|iart honiblrtHie, pndaabii an ori|;.uai n.irr^-r . »ti* See 
U 

Fiff. a |flitl7 ] > *jf>, (Kilanml h|;ht. fitr«4». tinwi J* With druar, 

CKTupied l*y qoarta and ealeilr . a frqatur^' ti* tljc <4niuukry 

roarer gfenojdjtr^ of the diatro't iNn* p 

Fig. Si. ( 0 Tt *7 I X JU ; iKiUnacd h|th’, m>a*r»l nion* lirar* phn nr »hi«wiitg 

deltcate uurrii|fra|hif intcftfrowth* . f h :«|«ar an,| Iho aUt* 

ta rharartmatie of the ot^lmarv graoophfrr* * < iKr notrwt,. from 
which tlie rxirka dewmtird wl>«i afiowif^if ar'.u*; rr tct i*f fortypn 
material) differ onU in llunr grrmirr nriit\irm n: tiie c^doui^ 
mtnemla. 

Fig. 10. (OTUMl X Jti. poUnatai light. t;u%»U In ar *ruUr fiatch nch 

in Bunibieiidr ami nuignetite. imohabiy an a;!ef*^l imolith of 
haaalt. Hae p :W. 

Kig. II. (lITtil.] x:i0 : outlimw drawn by poUnard light. i*r «»rd Fine- 

ItAtured rariety of gramqihyre tUit m^n gear pt mr *. c«>nUtniiqK 
rariooa tetiohtlia In the lower iwrt *4 tW ligtirr ty fragtnrc^U of 
alteiad fUuwy baaalt . above ami w the nght w a iU tfuArtmm 
jpl. and to the left of Ihie a fwUimr'iroocryac jw p 

Fig, la (ffTwlJ X Uh Another ffae-teitufwa rxam|Mr/«hi«ing ihiw .etnacturr* 
Tbtve are nummaia lemditba* ehiedf of baaai:. the aaaalW one* 
W n i i ei d a r to foita ami arraafol akmg the atmm-hiMO Bm 
|aWk 



52.] •EAVontTmis of mutm (tsYB). 8W 


DtUCTOlOII. 

8ir Aiu'uimALD Uukic rt^fermi to tlio hci thot Mr. Marker had 
beet) apinnuted to the iieoloicical Survey onSy la«t upriiig. and that 
the prevMMit {»a(M*r was the nwult oi his dmt s«Nisott s work. The 
repoD dt'c^ribtxi by the Auth^u was eaotH^tiiirly faiutUar to the 
apeaker, atid he r^*joi<xH) to weleoiuo this appUeatum of tnodom 
petro^sphic^l tut«tluKi« to its tuvt'siiicstiiiiu The |ui|ier hail a double 
value, ill the lirst pUe«\ it was uii|K>rfaikt iti rv*fC*trd to Uie luoal 
geohkfr> of the Western for it demons iratecl hy new evideuoe 

the (Misterionty of the graiiophyri*> to the gabbD»s ; ami in the iK>otitl<i 
{dare, it iisd a sugirk^tivo iM'anin; u|k)ii i|ueslttktis of theorotioal 
intert^st rep:ardiiu: U»e {«iissible mo>.ittie.klion ol eruptive rtn^ks iiy tho 
ioc>r{iorttU-*u *1 toreiCM nuitenai into thru fOilMtatov. He felt aura 
that larlher anil rvi'ii more extensile e\)<letu>e of the sattie kind 
W(».iM tn* inl*’rtn| ni »»lher p.irt** *«t tio* «.ime reginu of Skye. 
The ui'‘{«’^'le*n of Mr, H.ifker *» sj«H tnu‘iis rvtiiinded the sjteakef of 
som*’ pu//hhg r n k* »fi th« flatik ^ of <ilami.'h and otlo'r it lls. whioh 
many years atr** he saw !** I»e t*»o iond I »i tor gaiduiMi ninl Iik* baaio 
for the uuipiiy res. Hr' I srkerl forward to having tlowe and many 
othrT priitdem** »n>lve I liv the < ontmuatioti *»! tlie siinie patient atm 
aklii*^l aliofl as itnul is’eli ah<«wn in the inreatigattofis dewertUttd 

10 the present {HI per. 

l«t*nit.-t ion. M' Visit i.v satd that he h.el hsteni^l to VIr. Harkar 
witii great intire^t, anti Us>ke<t fi»rwiir<! with ple^nmri' l«i studyinK 
the th'laus of the jtiijMT. He was ijuile {irepar«Ml !«* aeeept ilia 
Autl»'»r s t onrltimiOis, tn’eaus*' he had ftmml atigite m llie graniU^ cif 
the Chor VitiunUin. Nortii w<>str rn Himai t\as, and attribuUaJ ita 
preserier l»» tlie d incest l U) t*f lrai{m»'iil* f»f imitir ro< k-* t aright u{> by 
the graniU*. Mr. U. H < tid.'tam, Supennlend<n)t <it lio' firndtigtoal 
Snrvf) r>f In ill. ital ai« » 1 mn 1 nornhlmd' lori)i\ a)>niidanl in thd 
granite of ** • p*rt *1 the (‘h »r, 5»'I 1 attr)h;it««t l! to the graniUi 
having * tlis.mhrri and th*' ro< ks wh‘M4» {Hsntion it ts'ctipma,* 

Xhe |»re«4^n<"e of triagtii'titr. iiow* vrr, st4>i*»| on a ilifferent fotiiing. 
It was rather abundant tiut^ugiioui the grarnU- of the North western 
Hiniaiavas , i»ut it th*' Authiir e.oild sh<jw limt its prisM iee in the 
granophyre of >k}e was dm to ih** .issimihition uf gai>bro» llie fact 
would Is* »rr) in ter resting. 

Prof. Vlixas < alit’d attention to a Urge mass of fv»arsrly granular 
ha«ir r<s'k wnirh exists in the granophyre r>;i the western Hank of 
llarseo. and may U* distingmaiod from the summit of .S uir-ita* 
Chilean as a fUrk i*an 1 aUiul 2*1 feet in iireadth, traversing tlie fac« 
af the hill in a vertiral diriTsrtton. 

Mr. W, W. MUns {snnu-d out that i*rof. .S<jltas‘s rewuirchai «t 
fUrnavave ha^l prej^arefi the for tins jiajs r. He alluded to 

the aaaoctation i^f gabhro and granophyre at *'i man) pla^;«^, including 
Keduor and C-am^ck Fell, and p^nntcud out that the Whio Hill el* 
Caldron Hnout |»asaesl mto a rrjrk which was pra^rtically a gabbfO 
embitiddeii in gntiofibyre. 

Dr. Uc Riciia Fattuxa said that ulr^ id) on a former onemriott 
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bo bad pcNfilod oot that Bir Afdiibald Oeikip’t ooneliifioos vitb 
mptd to tbo irraoopkyre of tho Wo«ti»rn Ulanda of SeoUand boiog 
imnifdro into the gabbro, and tborefore younger than the latter^ 
warn atrikinglv eonfinnod by the prediiely itimilar phenomenon in 
tbo loland of Klba, where tbe Tertiaiy* granite trareraed the gabbro, 
diabaae, and aerpeotine dykoe. Mr. Marker had now shown the 
aame p^omenoTi to exiat also in Bkye, and the apeakcfr therefore 
wiftbfd to emphaaixe the analogy of Elba, the more so as Oen. 
M'Mabon had brought forward similar eridenoc with reference to 
the ffimalayaa. 

Mr. Il 4 saow drew atfontion to the strong contrast between the 
eridence adduced by the Author to show actual ahaoq>tion of part 
of these inclusions^ and that published some time ago in his and 
Mr. MsrrV work on the mctamor|>hic aureole surrounding the Sbap 
firanitc. In tbe lattiT cas<\ the Authors •elected tlio amygdules 
in certain altered igni^ous rocks, and prf>duee<l exe4 |»tionaliy clear 
eridenee of the extreme!} limited migmtii>n of material that aecom- 
panitvl the develojiment of new mineralft in theiw* iMsiit's Kx]N*rienoe 
han sliown that some of our Wt data are obtauiM in searching for 
the cause of such widely differing results. At prrs<»nt the eridenoi* 
seems to suggest that the Mnitial depth tem|»erature ’ may be one of 
the chief factors in determining the amount of change pnidiiced. 

Mr, HrTLXt asked for further information reganling the geological 
structure of the area represented in the diagram It was suggestiee 
of proximity to a centre of ent|>tion, and the irreguUr character of 
the patches man|ied as gaMim-lioaring granoph}rr. and their saso- 
ciation with roicantc agglomerates and l*e«li|e^l Uraji. favoured this 
belief, f'asisi siirh as this, of the absoq^ti >0 of frairm*'nts of a 
basic rock b} an acid one, were, he thought, of rom|HinitirrU rare 
oocurrence. Tin' nn’erae was more fn'<juentl\ the cas**. The ex- 
posuros, diwcrilKHl as dvkte. might |io»uobl} ht |w>rti<ois nf huttn*se- 
dykes cutting im»gularly through the agglomerates. The pafior 
diwlt with several (siitits of gr^^at interest. 

The |•HlaunIulr aUi spoke. 

Tlie ArriioK bnetly re|di*'«l, thanking the s]M*aker« for their 
approciation and cnticism lliough the phenomena <*f in<MqM»ration 
of lauiic material by an acid magma apis^ari'il tr. unuunmon. at 
least on such a scale as in the examples diaenlieti, thi Mouersecaao 
of acid rocks absorbed into liast< was illustratH by r^ry many d}kct 
in the Skye district. A tamsidrrahle diffrrrnrc m ai*idit\ lietween 
the alisorbcd and the absorbing rock sc«med to be esM^ntial a 
factor in the pmenss as that of tempemture hetir*' the aWrption 
of gabliros by granophvTOs obscnrcd lu screrd districts. Tho 
pocttliar intrusions doseriWl were |iosatl4T somewhat \ouager fiy m 
the normal graiiopht^m of Skye ; but wherrrrr those Utter wwiw 
•een in jutictioii with gabbros in the area as yet mapped by lUi 
Author, tbe same relation, namely, the acid intfuaton senrsinding 
the baaie, wan tnTnritbly verified. 
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I>tTtioi»rrrioF. 

BiFra thr puMimtion, m'vrn ymrm <»f my mrmoir on * Tho 
Hi«lorT Vr.hvintr Artion rlitnog fh»' ’IViiian iVriod in Ih5 
Bntiah Ulm,' ‘ I Unrr fho invr*ti|fiition of this nubjiMti. 

Ilr nHU'-orthf* in lh»« iiifrrttil hovo inrliMji'ti i\ ro-oAnmination of 
TArmut trart« tn Hull. Ilttnt, )Un»ii>. and Sk^r ; rtumrrniia tmvofiMM 
in thr )a«t'nam4«ti laUnd, rii|iman\ nvrr ari'an whirh had nut hooii 
prf*fi‘*u»ly d^^nWd by an^ : a ih’ladi'd aiirrny of (Viniia 

and ita a<)jar4*t)t i«!H« ; an ««t adoration of tbo Shiant Ulop am) nihor 
itmulAf mjthor* of the T»*riinry ■ilU. and a Ti»»t to St, Kitda for tbo 
pUfpoM* of a(H*iirat<dy drtrrminitiif ihr rrUttoti* uf iia two froBt 
giwifia of tf:nr*ofi« rtM'kA. In two •nroraiiivr yram I havp prolonBod 
my oaeuratont mto thi» Fiir^»r Inland*, wh^^rr Ibo phonomona of oitr 
bojMtitir |dat«*Aux arr rrpr'(d<i<M'd on a ro|«iwi!il •^alr. and whom tho 
nttfurrou* fjMaU ami */Mirid* ha?o laid Itaro iho m^»at atupondooi 
Tmn|p» of w'rtion*. Tbi» rxtrndrtl w'rnw of rtWrratiomi, 

whilr f*ntirr'i\ rvinhrtfiinir th<^ mam conrhinum* annotmerd in my 
fbrmrr rnrmotr, haa fMrfii*hi'<) many froah and tm{ir>rtant illtMirationa 
of phriiom<»iia alrrady d«Nwn)jrd, and mm** r»<»w and inUffointiiiit 
addiitona to oar knowk«dirr of thr rolcariic h»«tory of Trrtiary Umo 
cw Iho North- wmt of Kuro|if!. ) now l*y IWorr thi' Hocrioiy Bfi 
oiiUinp of tlwr ehmf reaulta which hair«^ thu* )«orn obUiniat* 

• Tram R^y Roe Bdm rol. nrt (|HH>4t pp 31 IM 

* It to a pt itow u r* Ip a^notolrdfa lAir jpaat ahtoh ha* bnaa khidly 

aibnLid to ow m Umm ftaaanbia. I am •p*rtaUt if>4«lMpi|l to my Mmm 
Mr Bmry Baaoa. ly FtneHif hi* ftaam rv-hi at aty rtitjiBml, 

mmbUd ma to flRAmiiiy loMititi Moof tb* toorr Ifrbmlriiamil oiilar ialatida 
wittdb ara wtF onily ap m ia wMa , mmi to malm ampmintarM!** with lb# «rbol# §imii|l 
of tb» Kama kloMo Hi* bvUbir^ Col iobo Rrapa. pbatQpapbid & mm 
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Am Um litcfmtufT of the subject was fuliy summarixed in my 
fonner memoir, it need not be further referred to here. Sueh more 
roetfii |ja|if5ro as tioer on any of the localities which I shall bare to 
desonbe, or on any of the questions I shall discum, will be cited aa 
the oeeasioii arises. 

I. TbE riJlTFar-l-AVAS. 

Krer} tmnst who has saih’d alonp the cliffs of .tntrim. Mull, 
Hkye, or ih** Farm Islands is familiar with the sirif^ulur terraced 
structure of the tidcatiic efu:ar|inietits which stretch as mural 

preeipic<w uloti^ Uuwt' pit turcs(|uc shores. Suocessiie sh*H‘ts of lara, 
either horizontal or only jfentJy iiir.hntNi, riiM.* ab»ve ♦•ach other from 
base Ui summit of thcsi* w alls, as parallel bars of brown rock with 
inUrr^eniii^c strips of brij'ht ^n*en f;rassy slo|s*. 

The ge^ih^ist who lor the first time visits the.Hi‘ coast -linos ia 
imjiresMfl by the isrsistence of the same lithr)l(vi^'Al ehararters 
ipniift nse h» the same to{M>^ruphi( «il fenturi's. He soon realizes 
that the plateaux, so iiiipriwsiv# ly truneatod b\ the jfreat ewearp- 
meiils that spnnjf from the edjje of the sea. ar«* built up fws4>ntially of 
dark lavas, — basalts, doU ritf's, and ande%ii<^, - uml that frufnz><^ntal 
Tolranic aecoiiipanimeuts, thotuih here aini lh» re well devtdoped, 
play on the whole a quite itiMj^nifit ant p.»rt in the structure and 
com|MMiitioti of those tliick piles of volc.imr inutenal. (’li»ser exa- 
niiuatton in the field enables bitn toas< ertain ti;at, rt*>:arded os ruck* 
massiw, the lavas iiiciude four distinct t\{^>*> . ~ 

(1) Thick, iniissive, prismatic «ir fudrlwj<»ifjl*^l hbi'ctii, rather 
more coarstd) crystalline and obviounly more riura'»ir than the other 
ty|Mw — inasmuch as they project in tabular bd^'c* arid tend to retain 
|irr]M'lidit ular faces, ow lUj; to the talliii^ awiiy oi ^lic^’s id the rock 
along the Iumw uf ^e^tt< aI joint. Many r>H ks ot tins ty|ie are 
undoubUnily iiilruHi\e sh«Ni'ls, and as sm b will U t urtioT referred to in 
a later |Niii ol thi* {»a{MT. Itut the ty |h' tm ludi's als« true su{K*rttciai 
lavas which show the cliat acienstu* sla^^ry or %»^ituLtr l«an<ls at 
tJhoir up|»er aitd Ktwer surfai't's. llie mere prtwt^uci- of such l>afids 
may not cliouirh. imbtHl. absolutely to «'<abasb that the rock 
pusaesiiiug them tlow«'<l at the suriat'e as a i »r they are txjrm- 

sionally, Uiougti it must la* rarely, * ibib.t«^i liy true siili. 

But the rough sc uiaceous U»p i»f a ia%a stream, the pr\‘«eiice of 
fragments of this surlstNi' in ttie overly m;: tuff, or wraptwii round 
by the neil suc(^*<Hhrig Uva suihcieiaiy attewt the true sufieillcial 
outflow of the mass. 

(i) $Ua|CK> or attly|^ialotdal lavas without any regular jointed 
structure, hut often with iMughly iKv*nlonn upj* r and under Isyerm, 
and tending to deiviy into hn>wn earthy ib Nn*, S»«t of the uppor 

many puitUa id OilervsS nwi witii m o<ir far {ie««anl hos> 

piUUily of Mr. Ihi.«cu thr fw^sprsKor of rrvaUwi lur u> mrrtj in gvwol 

Aivuui on Utv uiap of in* ^.ifxiiuufer iimt mWeisiaig 

|rsul^p of his kalaaii*hu«oa, and to rw«i« 4 t W Umw Tbota to2 

pOOkMrwnht for uw of sotue of tJbv ww wrUios foataeio of 

aodciai^. 
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snrfsoe* of toeh thooU omonir iht ToriiAr}* liMall*pUtooax mutt 
htTe nwmhlfHl the aivealled ' At * of the Studwioh Ititudt. A 
tUiking example of the atructure may be noticed at Camaa Thar^ 
btmiah^ on the northern i^oaat of the taland of Caiioa. There the 
hummocka on the up|»*'r aorface of a alaggy Inmalt moaaiife about 15 
feet in breadth, and nae alxmt 't ft'^'t aU^et^ the hoUowa between 
them like a ituci't'sMioti of ware** tig. I, p. t The ateam-holea 
are dia|HMrtl in a gt'iieriil dim lion iMirallil to the atrike of the 
httmm<M'ka. 

(ir^'at variety obtainn tn the tore and Nbatie of the vi^aiclea. Huge 
eavitie^ .<• fm>t or mort* in diameter mny «HraMionaU\ hv found, and 
fn^m *mh an «itremr rvorv gntdaiion ma\ l»e Iro't'il down to 
roinutr |K»fi* like va« iinl» ^ that ran h, 4 rdli U> in.ide out even with a 
atroni: lrn%. In re;;ard U* the dett»rniatton of the veMcloa, it if a 
familiar niie that (he\ hai e U^mi ilraw n otit in the direotion 

of the th*w <»f the t»fjgii»?il Ltva nira.<ioii.vll\ thi« elongation haa 
advane<H| »k» far that the hfi%e U'forne f*tra>ghl, Harrow 

ptpm, mofrral iinloe long, and oid\ an eighth of an inch or ao in 
diameter. A numU r of •u* h je.jH'a, arranged |»at»dh l to each other, 
rrermhhHii a r<‘a of wortn toirrown. ItunarkaMe ilhiM mlnifia of 
aueh evtretn* me. ha meal def^»rm.it wm h% lie moitt no nt i*f a «till 
molten rvn k ma\ u- rolhited in Mull tmd >K\e ' 

It i« a couiDion tiatt the tilling in id' tlio at4*am eartttfw 

ban taken |tliiee h»ng Ku)>«>et{ue,it to the ^ohario jm'iohI hy the alow 
perc4iUtit>n of ineliHfnr wniter through the ?•>« k“. I l*ehere, how 
aver, that .it h'iiM tn aome it not m all. tlie tonvernion of the 

veaicuUr Iava<« tnt«> am\gdaloidA wan eth * i* il .inring th>' voleauic 
liemKl. I hua It i an Im- nhowii that the hjuaifA whirh ha^e Inwin 
diarnptiHl hy the gahhr<i«* wei*’ a}r«'ad\ arnv g laloidal lalore Uime 
liaate intru*'ionn di.««lurli«*d them, for the k'n.iU ol < ah ite, andtlrt, 
etc., have »»har«*<I in the gem ral inetain »r|»lki«m aohoed in the 
enrh Ming rot k. Agniti, the hlor kn of atm gti.tl >i<l « ont unrHl m the 
agglotiie ratlin of the \<4f unie n«'a are ill evrf\ re«jki' t like the 
amygdahnd.ii lnva«i of th<* ptiiteauv. !l would thii« iierm that 
the iiitUhng of the cavitmn with tmro ral ♦**'<Tetnn»ii w<w not 
marrly a long weular pp^reioi «»f infill rat ioi> fr»>rn the r<M*I atttiiM 
ajdiarr, hut wa« more rapidly r^onpleiird h\ th« oj»» ra'oin of warinMT 
watar. either *uppUf*<J fr*jin voicniiie Moiree., or heated h\ the atiU 
high temfM'rature of the eellular Uvaa into w hn h 0 de«^endoil from 
the aurfai e/ 

* Hamm vuitnpl#!* tiate ijfwo Oi m*«' io tta' Mutunna of l*rartimt 

Oaokigy. Jmrfttfn tn Ihr rmm tliM«<ral.f»g f'»ek ♦orr* 'Hi** aiif/nga> 

tioB th« vrttMf MM if(U> aroMfiM) hk« tuhM nutf tim aotonf ihm glintm 

ta the tiAmr^tr 

• MiMkfii. iKrii«r sort Maer have cWmonvtfaii^i o,af lum l^^rr thlMilafi 

vaurtilar lava* of the tmkm iMrict hail «lr«arf% bmtofm 

thm uprua of lha Mha|t Omiotv. Jo«*fn t«g «lu. 

J. fl baita. i/ngoiaiiy an mdwftemu *4 tf a«i h >ii M i aia Uy 

iRi|i|KiflaKt th» viaw l««rr» adofttad. UiM lb* of amyrUha^ta war# ilkd la 

Iw lha acCvMi id UNWitora witliia IW mk* ctonof U*e hn$m at ivioliag (Aai, 
iwm Ika aw. 3, voi ta. tHHU, p. 33t>. 
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in the elongation of the Tcinclet in one gc>nm] direetioii« 
the anijgiUImdi} haMltii neldom ditplaj any diatinct trace of Sow- 
alnti^re. OccaAionallr, howerer, a alriking eahihitiou of thk 
atmctniT miiy be imnti among them. Thua at the top of the Don 
Can, the highest mimmit of the inland of lUaaay, a amall outlier of 
the platean-IarnA i« rapped with a black olirine-haaalt, haring a 
•trr»nglv-prf»f)minred veairuUr atnictiire, wherein the caritioa are 
filled with /.eolitea The weathered faoea of thia rock ahow rudely 
parallel, puckered, and broken linen that mark the laycm of deritri- 
ficatirm in the original flowing lara. 

i'S) Phnmatic or mltimnar haaalu, which, an at the Oiant’a 
<"aui»eii‘ay and Staffa, have long attraet«»d notice aa one of the moat 
nnUhle tojNkgraphica] element#* in the itructure of the plateaui. 
Though gemrally rather coinjMict, iM'Cotning indo«l dense, almoit 
ritr«H»ui» rocks in nome hIkh*!#*, they art* often more or Ic^ cellular 
ihroughrMit, and highly slagg)* along their up|K*r and under stirfaoea. 
In fM*me cuiiHa, an in th.it of a prismatic she#'t which orerliea the 
rough woriaceous lava of Camas 'IliarlxTiiish just referr€*d to, the 
rowi of vostchw an* <iiH{»omsl in linos parallel Ui the under surface 
of t he aheot ( fig. 1 ). 


Ki«. 1. — .SVrfiofi of srori/ireoiu ttwi prisnjMlir Cnnuu 

7%<lr/»cmarA, northern i^hore of t 'an nn ItUtnfi. 



As 1 liave aifendy remarktHl with regard t*> the mawovr, rudely- 
jointod sbi^eU, man) *>f the m*»*-t jw'rfeelly cf^lamnar rocks of the 

J ilatoaUX are not stiperfietal lavas, hut mini^ivr n\lU, ts>aae« or 
Ivkea, <*otiSpictinus rx.tmples of the silU an* displa\(^i on the coaat 
oJ Trutteruish in Skye, of ih*' iKisaes and dvkos at the eastern Ofwl 
of Canna. To thisa* furtlier reference will U' made in the aeauel. 
It ii not always fwosihle to U «'ertain that c.dumnar shots which 
are regularly iiiU^roalateii among the undouhte#! lavas of the roloanie 
aerios may not be really intrusive. In some instaneeN, tn^ieed, we 
oan demoDstmtiT that they are so, when, after rontinuitig iterfacUy 
parallel with the lavas alio^*e and Mow them, they eventually break 
across them. Doe of the most remarks hie examples of this feature 
is supplied by the great sill of the »*tuth w«#t of Sirumo in the 
Faroe Island^ of which I shall give Mitne ar«xmtit m a sabse<|iiefit 
aeotioo of thia|iaper ^ttga, l», 54, A pp. H4o, ;iMi, :t»lk 

(4) Handed or stratiform laraa, eooststing of suecaNistre parallel 
layen or bands which weather into pr^^F^ing ribs and fiodnga. 
The daosfiliTe rosemblanoe tu sedimenur) rocks thus prodaead 
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hat no doubt fm|uoollj ltd to tboto Urat boittg mitUken for 
At 1 hove fcreoiiv found tbrin to be murh more idoiitiful tban 1 
had suppoted, a more detailed detcripUon of thorn toomt to bo 
nMirod. 

The banded charaeter arteeo from marked dittinottona in the 
UoLture of likfferrut la) era of a laTaHUieet. In notno oatoa theae 
diatinctiona arnu* from differenctv iii the aixe of the er)»tala or in the 
dit|)ocation of the c«>m|M>nent mitieraU of Uir ruck : in othom, from 
the Tar)itkg numf^er and »uc of the v«>u It'll, nhuh may ho larite or 
abundant]) crowded t^ifjelher in nome hixern. and uniall or only 
tpamei) detejoind in otheni. The fiiructuft' thua |HiinU to ortKtttal 
conditaotiift ot tne Uta tin time oi lU emtiwion. and ma) lie re|tardo<! 
mkt to «4Mne eatetil, a kind ^*1 tlow structure on a larjt'' **eale. 

Where the banding n« due t<» dirtVient'e# of cr)iilalhne texftjre. 
the ct)n*tit ueni fel^jwir^, and ir«tn <»rtw may be pMH*n even 

with the nakid rte tkn Wril tleftiird tniherulu uloni* the proniineltf 
iurfacea of the harder rdMi, ahih hronih r tiitervetiiti^ tlutiiiKe 
of hncr inat<rui »hna the ^attie miti< rai^ in iniiitit< r forttiM. The 
ait«rna(iti^ iaver^* *d and finer rr^ataliuaf n»n lie, on the 

wbolr. paraih 1 with th«' tipjK'r and iii«d< r curiae* » ul llie ahei'U in 
which the) <«i'eur. Itut the) hkeWtlie uuduUti' like the aLToak) 
Itfitw in ordinar) l!oa ^trn* turn. 

Itandcd (itructufe rd lt.»n tljie rna) Iw •ren a ell deVeli»)ie<| in the 
lower part* oI the ha*alt phtt^^aui thruu^hout the Inner Heiiridiw 
and the f ar«»e Niand*. *|it>eiiiien taken Ir'On llo' we*li'fri ei»d of 
the udand of Ninda), neir r.ir.im, ahnh the Mtiutture by a 

ConapH uovi* jKiritlh 1 llutmii; «mi aet^ihett'tl r.nrUo4'*, a a* nheetl for 
mK'ru*€opirai iMiUiinafi -n, M) e<»Ui ajjui , Mr. Ailre«l Hurker, to 
W^om I ttJii indebted f«»r th*’ *»u lh» tnn r.HM^.pie rfiararter* of 

nickji* dr»*'riljMHl m the pieo* iil paja-r. h i* Iwen kind I'moiirti t<i Niipply 
i»e with the tMib»aiHi' ^b'«*en iitefrii reif ifdini; thi* *]|i’e , 

‘In the ulir*' ♦»<>♦)<» the luttmliri); t»e* (line* h'** r onapimoiiji 
under the rtiii r<»*<'o|ie. The rork I* td ha*alt »e t ttttip(»«itn*rt, atiil. 
with relert nci' to lU ruiero**tru« lure, iniKhl la* *i \h*<l a fine (framed 
olivuie-di4ti«0Mr or oifvine doienle m Mtroe pari** of th** *)i*e, an 
«>]jTitie-lm.*4it in oiht’f*. ft foti«ut* <if alMindarif *d olivine, 

imperfect o<fah#''ilra and •hajadiiia jjfnnule* of tna|fn*d*lr, hlt|e 
aimpie or t winiiei) prUin* of lahra/Jorite, and a pah* foowr} aiiiriic. 
Ihr la»hname«l mmerai ualwa)* tiieUtmt pr'*Iu<tof < on^ohdation^ 
but It taric* in habit, Immiik M>m«'time* ir* ophun jmI* he* mouldetd 
upoti Of ench>*tn|i; tlie oilier milieraU, ooinetitne* in *fimll ((ranuhsi 
occupy the mu^raliciw tieiween the ft'ioparo and oifier rry«iaU« 
'Ihe iiphiU4. habit pmbiminatea in the ahee. ahib fhe (cr<*nuUtm 
comaa in eajjcciaily aJon|r cfrrtain band*. If the former taken aa 
ioiii4cativ« of tram)u)i eondiUona, the Utter of a (ertain aiiM«unt of 
mormicsil tn the ruck dunrifc the lateat ttait* » of lU f^inMibdaticm^ 
Ibe baridtnir. ibouith n<H alricily a flow alrue! ur* . mav U* aaenbed 

* The Wi'btn, ir^uar* braratrt* lb{'«Aurte> «i Im* jwiiiar tm(»f U> t|»» 

auaibrnU ih* wi rumoftir m ^ ^*«i<jaa#f>«oUaotiott, 

wtawt 1 bae# Oirp«j«i;i««l thoa* yrwpmrmi tr%Hu u^} •|*e xamo*. 
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in iome dfifpoe to a flowing movment of the nearly solidified roek. 
Tborc is, boweTif, more than ibis merely stnictoral diiferenoe 
between the severs! hand^. They differ to some extent in the 
relatiff |>rojir>rtionfl of the minerals, esfHKHally of olivine and aogite: 
which |>oinfj» to a ron^iderfihle flowing movement at an early stage 
in a magma which wa^ initiall}* not homogencotia.’ 

Where the handing ariaew fr»»m the di«tribiition of the vesicles, some- 
what similar weathered snrfn^ are produc<*d. In some instances, 
while the haaalt i*. throughout finely <'€dlular, interposed parallel 
hands of harder, rather fiiier-gmined and less thoroughly vesicular 
f haraelers serve to give the strutific^ apliearance. Instances may be 
ohsi’rred where the v»*«irh*s have lieen crowded together in certain 
tmnds, whieh eonsetjuently weather out differently from the layers 
ilKive and Inflow them. An exeellent illustration of this arrange- 
ment oeeiirs in the lowest lava hut one of the largiwt of the three 
|iirturrs(jue stacks known as Maelwxl’s Maidens, on the western coast 
of Skye, This lava is thoroughly amygdaloidal, but the vesicles are 
».pf»cially crowded together in ci rtain parallel hands from I to 3 
or 1 inches thick. Sime of 
th<**e layers lie clom* to eaidi 
other, while els4'whcre there 
may Ik* a hand of more 4 
grainH.lw ve**iculnr mutenul 
MwtM'H them. lint tin most 
singular feature of the nnk 
is to 1 m' se<Mi itj the and 

{KYsitiou of the ve«(iej* * that 
lire crowded logethi r in the 
iTllulnr hands, ln«ten<! of 
tiring drawn out into tt.it tcmxl 
forms in the gmi'nil diri'Ctum 
of handing, they are plactnl 
together at high angh^ Kai li 
layer remains pnmliel to the 
general Iwslding, t»ut its r«*sirlo» art' steeply inrhmx! in one direction, 
which doiihthes indoMtes the t!ow of the still unconiMdidated lava. 
Weathering along these hands, the lava might easily tx* muitaken 
at a little distance for a tuff or other stratified intervaUtion.' 

Banded lavas posaessing the characters now deacribed an» of 
frequent occum*nce among the inner Hehridea. Many striking 
examples of them may be seen along the western nwat of Skve. iStiU 
more abundant in Faroe, they form one of the most co^tcuoita 
fealurea in the geology of that group of islands, .\loog the wbdb 
of its western seaboard, on island after island, thev are fiaiticalarly 
prominent in the lower )iafta of the preri(nrc», while the upper parts 
consist largely of amcir|diouA or pnsmatic sheeU, Ho much do 
they reaemUe stratified rocks that it was not until 1 bad lan de d at 

* Thai 4«iafat«ao of ivsscies anirv or Um piv |s a d icular Ihs Mwval 

hafidiof maj bf notioMl suOMaiaws vvssa la mU*. m b» huihat oa. 


Fig. 2. — Hnwifti dmifrfitaloulal fmaali 
ahou-iivj Utttrrg of elontjated anti 
inrUnfd t ttnrltg, MadtatVi 
MaoltnS, Sl-ye. 


\vV v«^^\ vVS««^ 
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finmii |»oiiitt xh^x I roald mititfy myself UiaI th»y m fttd\y 

banded Lira*.' \ 

On a flmt iti*prrtioti any onr of the irrcat haitalt*pnieiftio(iii aernui 
to con»i*t of re^nl.’irl) f^hreta, which are cHtnUnuet) {Wim 

headUnd to hcadUti«|. Itkr Mr^ta of KamUfonc or limcwtono. 1 hare 
dwelt on the nature of thi*i apfuiront ctoittnuity. and hare 

ahown that when nn*rr rlo«<'ly rtamttind tho«o chlf<« rtititaili many 
proof* that, while th< p'oertil of the KnaalU ia prolon|ted 

with much rr^ilarii>. indivnluul *ht'«'t* may l»e wvn to die out or 
to brgin. I harr niAi^ti d that ihiw I'eaaatnoia do not c»oeur in any 
Iprneral direction, that th» \ funiiikh no evi<|riic<' of any great central 
rent* fr^mi which ttii lav4< hut that on thiMontrary* they 

ahow the rrup'jon* to hate pndmhli token pltn'e frt»m many aeafterod 
reoU and in ewry dir* cti »n. 

My rro-nt ymrio ^ hAv. furtit«hrat many tniditional prtMifa of the 
truth of th.-i gr!*i TAh/.att«*n. (‘loat-r m rufinx of the western rliffk 
of Sk>r !a^ and itjriin fhi" *»«mmer, haa hroughl to light 

nunieron»* etampi*^ thi* griidual or rapid diwnpjwarance of lara* 
Iwd*. now in oil*’ rirrcii' fi. n 'W in another 1 mat r«|Mynat)y rite 
the gfrt! hra-!I ifid •-'‘uth of I'aluker Huy, which feiirh*** a height of 
fret, atoi »her» ,, in 1 he jii)e of iiitarU horiiiont.il nhoet*. twolirda 
tnay V»e *e«’n to <lte out. one toMi.trdx th* north, t)ie other tiiwarria 
the aoutli. Farther nort)». in the ihff of tlie II «' of huirintiih, Tfdl 
fert high, a •trn -ute pra^iNUita iiwing to th* ir gfenter 

ri|i(iaure of hare r*»*k, tlir aea wiilU of the F»r*H- Ulitrid* furtttah 
even more striking eaafnple^i of diaetmtinnit) . On the we«teni aide 
of Suder**. lent n »i!fir hf^li of hiantt form a e*»nap»etiot»a feaft^re in the 
prrcijiire^ that atfi teh nofhwartl from I tie titgtir«it tieailland. thi 
fHfom«« the name niruri jre <*e<'un*. Similar feiilnr*'* nrreirt the 
attention t^n tl;e pre. ipir* • of .Sundo. where, though at fimt aight 
the l»a.aalt» i*eern to |m« regular and ronlinuoua, a nearer new of 
them rrreaU •ueh iw'etn*tn» a« that ah<»wii in hg. It, p. Illt^. when' a 
group of tht'cta rapidly dM«» out tow:irdii the north againvt a thicker 
band that thmi» away in the opjKHute dirc'f fion. Farther north we 
rofoe uj>on other eiample* m the range of low eliff* lief wren 
KtrkeUma*** and 'I hornhiiren, and more tmpr<'*Aive afti) m the 
rugged pre»"tpirr*-» that fare the Atlantie on the wr»t#Tn front of Hr«io 
(fin *• p Ik'l** h where the diaapfiearanee in in a northerly direction. 

But it !• in the northern part of the Farr^^a. where l|>e Itaaalt* 
plateau haa been deeply irwfichrd hy parallel fjorda a* to lie 
broken up into a group of long, narrow, lofty, and prcctpiUiua 
iiumlar h^ig«w, that U*e really LwraJ and non fu raiatent eharacter of 

^ It M fw* aenMaarf to give Iwrrr • r|ir g«-oi*.go'aI I irr«t<ie» of the 

Karne ItlarK?*. I o,.*? n. •o«t «> rfveic l»^v|irr*, n^irttefiJarl^ Uf 

tm§hf Vrmi Tnin* fUon f**I it* l''ro p ' 117 r* mm 

Fret A Uranali 7 »«lftkr . i H Hr^' n, ’ pcatr 

« 0 r«tf a I Kt**d# U d# Pluiaede ri t\r» {2m h'mrrm * l*»Al . and one tij 

Mr J. Limwm, fi#i I f*»jr L**fRr|e«oh foP rn p iWit Vanma* 

wrOer* ha«t ie»wt4id erf th* petrcgrwfiihr, pMtieulariy A f>M*nn. 5i*«Mia dabrb, 
vok b p 46 and Bfdom Bawded lavae ar* hy J ClaiFi#. ap, ei/. 
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tb. Imt ma brnt b. md. Tim Mitm eliflSi of Brino pramt 
iidaiir.bl. raumplm, wbm to tb« Mme rertiad w.D of ro« t om e 
of ibe budto dio otti to tbo .ooth, oCbort to the north, oce.^ 

moodJj 1 nhorUft •boot nuiy be oton to diimppoar in both dirocdoni 
«i if it went thr ond of . otrcsmo thjii fiovcd »t right miglof to tbo 
otbrni (fig. Ti, below). 

Fig. 3. — thfing oui of la%*a-UtU^ mtiem, eidi of .Samio, Faroi IeU$. 



Tlir inl.nfhi of KaI^i aik! Kun<» <itP»]»!A3r thr mcMt tmprevMUTO 
Aomcr}' of the plAU*au-)»iiiuiiU of F*ror. In thcMo uorthem cUmen 
ngrintion epreed* wttlt ly o%c>r rock and thmi it dom in 

Fig. 4 . - ' l^ntwular Utt'os^ U'tsUm f rtf ni 0 / I/esto, Faroe IbU$. 



the milder Air of the Inner llrbridcH. Hence the eecrjimcnU 
AWeop A» VA»t waIU of alnniAt Uin* rmk from the level of the ao. 
up to the AcrrAled cnirU of the if^hindi^, roixie IfiHHi feet in height. 
Kimh tndivtduAl Ixid uf ImiMtlt can tlmr lie foliowini cootinuoUAly 

Fig. - J^nlicuhtr ftitUrH ritU of Sri $u\ Faroe /Wot. 



Along the QortU, .nd it. VArulion or diAA{>peAr»nco ean be midily 
oboerred. C\>A»iing Along three vaaI UAturml iecUoUA, we rewdilj 
pmetrt thAt the AueceAKive •beet# of bAAah hoTe proeeedod firom 
no one oommon oentre of eruption. Hier die out now lowmd* one 
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now lowmnk tnoClirr. yH evvrywbftro rouiaing Um aatTm»i 
fiinalanlT and gretitk indinatiAna of iho wliolo Toloanic aerioa. 

Thcoo barr rocky white ponnittinK tta to obaorro the want 

of cooUnuity in many of the haaalU» likewiac afford an o}iporiuiiitT 
of hdiowinit any particular fthcct over the whole of ita outctrofi. 1 
waa particular!) niruck hy the (tcraiatmcc of a dark liaud of baaalt 
in tower |Mirt of the weaterti dcclirity of Ktino. Thia ahfiot> 
eaa be kept in «i|:ht alons the whole lett|rth of the taland* at loaat 
from a point opjwwite to Mi^Wahl in KaK*. with the ex,'t'ptioii of 
a short of lietrttus at the niotith of the liehind 

the eillap^ of Kuil*. It may iaxMiil‘1) !*e even |indon^'il into tho 
ialand of |!on», f«»r a i^tmdar !»and set'ii oc(U}»)iui; the anme 
poattion ther«\ Ha lenirth on K utio mu*t la* at letiat nautical mtlea. 

The more the ^maalt -{Uiteaua of lintaiii and the Kan*«' tslaiida 
are iitudie<i!« tie* no»rr t ert iin 4i»«'a fhr eonrluKion laMvuiie that tiieac 
widespread *if laiu nevrr t!'*a»Hl fr^uii a few t^entral 

Vfdranoes <d Xhr t)|*-’ of Ktna or Ve«iueni«, !»ul wer*’ t iiiitltNl from 
tnnumemlde minor rents .»r ffi»in optui lis*uren. In a Uter part tif 
this {ai{s*r a nwm!*er of the letits. wlmh tna\ under 

the over!) inif 4»heetn hnaait. a itl !*»' «|eaerd*e«l, a!id I *liall |>«»int 
out iheif reA«unhUnr«’ h* volraiin vent* «»n t!»r i;re;it la%'a* 

Acids of I « viand. 

In !>K4ktn>; at one *d the ••■a r!i}|« «♦! the Inrnn ne)«ride«i »»r of 
the Fafttes, and in lollowinii; wit!* l!ie eye it* »!*ne«.M\* *il*eet.«* of 
IsTi in tifder!) M ^jtienre of |e\el hatliU lri»ni th* tinv*Vir»^ w are'% at 
the lawM' to the rre*»t alsive. we are ?ij*t to take n .li* only 

of the pri»<*f» of reifuUflt) .il*d rojaUlllofi in tie- o<*|)!>»ar» of tnolli’fl 
rtvk an<i to mi^K tite • vKlerov that thcM' ouitl <w*» dnl not .ilwaya 
rapiill) follow each other, hut were lo’piruted !»i intiria!" of V4r\ 

Ifl|C. SOfnetlllies evefi <.( lollk*. dtlfatioll. The hl\er ot frMl hole i»r 
cU«e#jmpi'*e«l lara. if* <iften olMf^rraole h»’tw t'»ui I lie Jlowoi, li.in lonjc 
been reffardfxl as endeno ot the hijm*' of an iril«TVH! «ulU* leiilly 
extetohr! to rmtt <.f ron^iilerahi** «u!ia 4 'rta! d*’^ a) *d 111'’ <*urt*ee *if 
a lava sheet !irfor<' l!ie outflow of llie fieXl h»ra. Hut .\n attentir*’ 
stud) of th» piaU aux disrhew's oilier af>d I'leii mor* renturk ild* indi- 
csationa tliat ihi- pjiinw* lirtwivn the ron^wivuliie teiAiU !smJ« wrre 
frci{uenti) so pruloinfr’*! ns to allow of extensive topfj^raphiral 
ebaiiires lauriK made in a distncl. 

Thr ocrurrme* , fi»r example, of intvrstr^tdieatton* of tldferent 
kinds of tMedimentary material otuoufs the la«a.« sufflocnth demon 
•Irattw the r<*alit) of tln^ae interral* of ijunw^enre, Wi,efe thi« 
matenai oonstsls mere!) of vohmnir luff, it ma) onlj j^unt to a 
cemtinuaner of volcanic aetivity in tl»e form ot ffai^meniary dU- 
diaripiw dunnif pauacw in the out|w>urinK* of molten r>s k In K*^neral, 
berwevar, Uiiirc is not only tuff but nmi-volranic wt^hment arrarifpd 
in daffnit# Uyrm, that show the action of runninif wab r, *nta 
Tarimts clays t bauxite, tiihaiiuirirc, etc.) and ironsWm « which lie 
baiwaeo the baaalis of Antrim* bnsidea their intenwi, 

kmva now conwiderabW economk impnrtancw. The lUya, tn pmr« 
tienlar, are much in rf?v|uaat as sourcca for ilnr manufacture of 
nlttfluiittiitt. Ntniher amung tha Wewtarn UJe* of hcutland nor ia 
ai.O*& 5o. 206. 2 a 
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tbtf FifM hfti SOT one definite plAtform jet been traced ont on 
which inch claji ajr cxtenairelj de^elop^ Bat Tariooa minor 
and perhapi more foeai depotiti in these regions might be examined 
as poMiiblv aratiable for indostrial pnrpoKoe. One of the most 
prvmiistng h*ea]ittes lies on the western side of Skve, at the mouth of 
liOch Braeadale, where, on the face of the great cliff of Kudha nan 
Clach, mmt* rons|iicaoas bands of lilac and red are interspersed 
among the basalts. These hands were noticed by Macculloch, who 
described them as rarieties of ‘ iron-clay.* ‘ I have not had an 
cififi^irtnnity of examining them, «*xcept from the sea at a little 
di*f4fice. Hut they suggest a similarity to some of the variegated 
rlrt^n Itefween the upj>er and lower basalt serie*< of Antrim. The 
cosJ-U^anng platform nf the Faroes might also Ih* followed along its 
ofitcrvjp, with the ohje<i of asc'ertatning whether any local dejKisita 
of similar rln\*s exist there. 

As an illustration of the diversity of deposits sometimes obserr- 
ahle lietween the basalts, 1 give herea s<*ction ejt>os<‘<l on the eastern 
sitle of Suderti in the Far<>e iMlntids a locality often visited and 
dewTilsfl in connexion ^*itb its eoahsoams (tig. (1(. At the base 
lies a sheet of basalt (n) with an 

irregularly lumpy upper stirfaee. It F*ig. fl. — Srrtum at Frotl* 
may he remarked that the group of 
hasnlts l>elow tin* stratiflfd inter- 
calation is markefl by the oeeurrrrice 
of numerous columnar *hfM»tji, w>me 
of thtnn ponsihly silU. and als<» more 
massive, solid, and dumMe basalts 
tiian the shi*<as alH>vo. Tlie low**st 
of the interralated se<limenis are 



light-eolouml clays. |>aaaing down . 

into dark nmtular inud*tone and dark f .i. 
shale, the whole having a thirknesa 
of at least feet (h). Theee strata 
are sttcce«le<l hv U\ pale rlajs with 
Mack plant -remains, al«out .'i fe«d 
thick. Immediately above this tiand 
csimec the coal of coaly layc^r (</). 
here about b inches thick, which im- 
proves in thieknesa andt^oality farllter 
inland, where it baa hern occasionally 
worked for economic purposea, A 
depoait of green and brown volcanic 
modatone (r), 1:1 feet in thicktiots, 
oYifiiea the coal and paaaee ander a well-bedded grannlnr green taaff 
and maditoae 3 feet thick (/). The npprrmoat band is aaoCber 
volcanic mudstone ( 57 I 4 feet in thi^cness, dark green in eoloitr, and 
more or kaa dktinf^y stratified, with irregular concretions, and abo 
pieoea of wood. Above this layer emnea another think oeaiijsag 
group of baaaita (k> distingukhed by their ahiindattti j am jgdalmdal 



IhaeviiaMm of ths Weimra IslMds of SsaCkad; 
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cluirtet«r, «jid hy Ihetr wMihcdtifr intD ftkibuUir forms whkh si % 
litUs dbUmcs them s raMitilsnc^ to iqckm w it o . 

W# luiT« lion* an intarcalalrd icrcmp of strata upwards of 40 fosi 
thtck. oontiidaiif partly of tuflSi and parilr of fins clays, which may 
oithcr hsrr h«^n dorirod from Toicmntc explosions or foom the 
almosiihone disittt«wrstion of hassltic Isrss, Throti|rh some of 
tbe»c strata ahuniiant oarbimaciHms streaks and other traces of 
pUnU aiT distribotccl* while amoni* them litw a band almost wholly 
eomposrd of rciretatioru rnfortunately none of the 

strata at this loealitv seem U* hare presenred tlie plant *remaitis with 
sttflieient dehfuteio'*^ for ideiitifteatioii. Tliert' ran be no doubt, how* 
errr.thst fbej srrr terrrstnal forms like those of Hull and Antrim. 

This coal, with at'<^mi|sin) tti|; setlimentarr tle^ssiits* has been 
traced ihn»iufh Sudem, and another outcrop, |M«isibiy of the same 
honton. <»ceurs M v^rirtMiarw, the extreme wreetem member of the 
Faroe irn>up. at n dt^taner of some miles/ 

Thou|:h irrHwt <ioal is U.*t well develojw^l lo the Tertiary volcanic 
plateaux of the }tnti«h Isles, t hare found coaly layers to l>c ex- 
Irrmcly abundant !)ien' And as the rrjfrtable matter may eoniklentjy 
he aasum«^t always t<t truleate terr«etrial vi*ttetattoti, the prtwenee 
of those * {irfHina<e<Mi* hands may >a re|ranl«sl as jffasl eridcni'e of 
fsime Lillee of time lietween the eruption of the Itasalts whieh they 
se|mrat« . 1 have »dsierre<l that they not iiifns|ueritly form the 

higheat memlwr iif a fjT'ujp of iriterralated sislimetits iH’lweeii two 
sheets of Utsalt. This relation \m »trikirif;|y eihilule*! in the tale of 
('anna in r«*tmexion wjih the nver-jrraveU, l4» wdiieh more detailed 


refereotv’ wiH l>e mailr in a latei 
here cite an iiil« r**stinx example 
lofty sea-<Jiff of An f’eantiaieh, t 
the western roast <ii Skye ( fiK- " )• 
At the tjwsr of the pri’^Upire 
ledifrs of a hifthly smyinUloidal 
baaalt <<fi show a stnftularly 
aconacssnis and amyirdakndal 
atnjcture, with abundant and 
heautifnl feolilra, the hollows 
of the up{ief surfaer of the 
she4<l hctnit filled in with dark 
brown cmrlmnamrus shale, form* 
inf a layer from 1 to ] 4 tnebrw 
thick, marked hy coaly streaks 
and lenticliMi A band of 

gree n and yellow sandstone (O 
next soperrenea. which, from its 
colour, aUraiets attention 
a distance, and led ma, 
while yaehtinf aiocif the coast, 
to land at the locality, tn the 
hope that rt might prove to he 


part of this |w|»rr ltul I may 
which occurs at the liase of the 
r> the south of lhinr«YAri IIiwmI, on 

Fig. 7. lutrrrrtUttmi ifroup nf 
strata iftwttn An 

fVoniofirA, wfwtrrn tiHtgt of 
Skift. 



pianUbearing hm c etone. Thie 



* gte la pertjcwiar i Otitie. Trasa. Key goe. Ite. «o). fsx. f 1*WU; p. fM, 

2s 2 



S 42 iiB A. ansii oir thk tbstiast [M»j 18969. 

•ifid)’ nUmluin b onlj tome 3 or 4 incboA thick at the northern 
end of the •oction, hot tocreese# rapuUj eoathward to a thicknoM^ 
of an matiy fret or mon% whon^ on-ing to the ccesation of the 
under lytOB i^halft. it ooincn to tie direcilv on the amygdaloid and to 
enciiMie iihiggj» iMortionn of that roek. Immediately above the sand- 
•tone *J or feet of fimiile t^hule, black with piant-remaiDt (cf), 
include brown laver* that yield t^> the knife like M>me oiJ-«halea. 
Tl.e mat at rat urn ia a *i*ara of coal (/►) about 1 f(x>t thick, of re- 
markable purity. It ta gloaay, hard, and cubical, including layem 
that hr*‘ak like jet. It haa W*en aucce^^ed by a dejMieit of green 
aaiid (/), but while thia material wa^ in courae of dc{K>eition 
another outpouring of lava b*ok place, whereby the tem‘f*trittl pool 
or hollow in the lava-field in which the gTi>up of aetlimentur}’ 
matenab acc'umulait'd waa fille«l up and biiriixl. Thia lava ia 
about feet thick, and ctmaiata of a roaraidy-cry ••talline. joinU^l 
dolente w'ith highly uinygdaloidal up|M*r and under Mirfne(*a. lui 
alaggy Ixitlotn tma caught up <»r puatn^il a^ide tin* layer of green 
aaiid, ao aa to lie dirwlly on the ctml, and hie* tlo re converted 
into that earth) mo<litir.atioii im » familiar under the luiine *»f ‘white 
trap’ among our coal tieldn. It irit4T«‘aTing t*» find that thi.** kind 
of 111 t4*rat ion, where molti'n rm k coni#*^ in (oniaet with rarhona<'eoua 
tnat^ naU, im not rontim^l to ^uhterraiif an mIU, tiut may kIiow' iu<df 
in bivna that have flow'ed r»V€*r a t«'rre»»t nal •^urfari-. 

From thi* fr«H|uent inti rcalation of win h loeal dejM,«iin nf fM^hmen- 
tary material iM^twiHUi the lwi-all4» We inav rc.iHouahiy infer that 
during older Tertiary time the rainfall in .N’orlli ^tern Kuro{K.> 
W'a»» txipioUH enough to AUpplv iu.in\ httlr ink*** and Ktnximn of 
Wal4‘r. An the Mirlare 4*f tin l,«\ i- held** «iei'rt\ ed n»t»* vegeta- 
tion K|iread over it. m* that |anhtt|>« for 1 'Ug nff# r\ iN >.ome Iractn 

rrmain<Hl grixni ami fori'nt tlati. Iliit \ol. huh .i iion siiU < ontinutxl 
to iUelf, now fnuu 4»ne vt nl, miw frt'iu an« th» r. thi-^- woodt^d 

traeU were hu ned under overfhou* ot la% a. and, the « atervoiinicxi 
being tilhxl up, ihcir »tr«^ami* were dniiu ini.- liew rhnnmda, ami 
otliei |>ooU and were t^ riuol. Sune .d th» * vidt un- for thin 

jiart of the voleanic hutory will 1 m given in the 11 Irtl of the 

pnxHmt pa(MT. 

II, Till Vr-xtM, 

Though the abundant ventj*. wiarh, to judgi* fnuu the lenticular 
naturt' of lhi‘ Uvua, were dotlcil over llo' aurf.ir*' the Tertiary 
Tolcaiiic plaiiiti. have for the tuomt ]iart Uxm burnxi und«*r aheeta of 
molten material, the |m>greaa of di niidation ha* laid turcKime of ihftn. 
lib chtedy along the cxtaat^ltio' that thi* pnxxw* of eaca ration baa 
auccetafuUy taken |dac«\ Tlie interior of the ulanda b often kiaiM 
with peal, covered with herbage, or titrt^wu wiUi glacial dethtua ; 
and even where indicatian* of Uie rent* art' tberw to be deteded, 
it is not always poaaihle to ascertain the true limits and conoesenma 
of tbese old Tokanie chimney*. But whore the structure of Um 
plateuua has been laid bare akmg funges of rocky preetpsoo, the 
vents have aometuiios been so admiralty diaioctod by the son Ibnl 
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oTorj f«)«taro of thoir omnurmont con br Miti«f»etorily dolormiood* 
In tbr motnoir nlroo<lT ciUhI I burr dfocribod n numbor oi oxamplci 
from tbr iotrmr. ! now proceed to nn nooiHiiit of other 
in^Unecs frtm the t'oont -section*, 

I will bcitin with « |rr^*up td venU tti the Fofor Inland# which 
di»pU? with »tn|rular clcarncfi* <k)ine of the moot charactcrUtic 
froCuiw of tht« (wr( of the nileantr n^cord. And hero lot me remark 
that, ahhtiuah ihtw inlantU hare N'cn •<> froiptentlT riaitod and no 
oftett draenhed that their ijtmeral ^truettire \n auAieicfttlv Well known, 
they prr»H>tit u» their detaiU va*t a maan of new material for the 
UiuAtmtton ri»|<MiiK' action that they d»'*errr a far more miriut# 
and |»alieni aurrey than they hare ret rw'eirwl. Tliey cannot ha 
ade^|uatrl) mapfxd i:i»id u!i«IefrU>'Hj Hy the Irardler who merely 
aaila ftvind ttiem. The\ mimt U' UUiroualy eiplc»reih taUnd hjr 
hdand and « hff hy elitf. While I 'annot prrien»l to more than a 
mere irrneral a»‘j!i«iinljinre with their atrurture. 1 hare learnt by 
exjiertror*' that ooo m^y •ail n*’ar Iheir prertpieea and yet mtaa 
aome e««entitl feafure*i »*f their vulronie atrurtiire. 1«aiit year I 
paiii»r<! to the f»*»hle raojCe of |»re«'»pi(r** on the Wf*i»iern aide of 
StrtvftiM. a! the motith «»f ?h*' Wtapifjortl, and iketeKe«l the ail) whtrh 
forma a> atr.kmK a part *d the of that diatnrt i flaa, 24 A 

2«*», p)». 11*^1 1 Ihu I faihd t*.Ml*Arrve a^i eiren more remarkable 

and ll»ter«'iit Hijj f«Mttirr tit the haae <if the aame M'A rliffa, Thia Inal 
anmmer, prohahly umli'r 1 m tier e^itiditiMna of li^fht, I w-ia fortunate 
enou^jh l«» deUvt with m) field -|rla«a, from the det'k of the yarht, 
what hfiki*^! like a tDaa« of rt|r}*l<»merate. StearaiiiK tnaliore | Wat 
delufhl*H| to tihd, aa the drew nearer to the ehff, that the 

a*?srlomrr?ile aa4umfd definite Umndanea ami inrurre*! in arreral 
diatin^'t pri!< h<a. until at l^at it pr»Mi*'nt#a| the tinmtatakahle ouU 
lilies of a jrrotjp f,f tmU nndrrh injj and overaprewl liy the l»e<ld#d 
iMbMiUa «»f the j<Ut«'oti. 1 at on« e Kot into the li>fiirlH»atr and* 
faroun'il h) an umiaually rjilm »#’a. waa maided l« ateer ml'* eref)' 
norik and round every ht|ttre*a and lairt of ihia |iart of the (M»aat-)ine, 
The Ikaaalt -plalfwu here pre4w'nta to the wealerti orean a nearly 
rertical ow arpmenl whirh inu**! rearh a heijrht of at leaat 1 «hmi fnrt 
<are ftic. L*l. p. anddt«playaa maicniHeent M^eiionof the lieddod 

laraa. The lower |iart of thia lion ahowa ehiefly the laindorl 
atructurr airead} d»w<'r;lM^l, the layera of cliffereril eiiniii^tenry Iwunit 
ctrhcfl out In the weather in auch a way aa to irit^e them the hxik (if 
atratiflnrl rrwka. In the upfier jmrt of the precijaer rolumnar and 
jointed or priarnati^ aheeu are more eommon, hut the moat fifci- 
minenl Ijuml t« the jrrmt adl juat alluded to. and Ui whtrh furtb«rr 
reference will he made tri the 4Mr'tf|uei. 

In the wjttfae of the ftradual retreat of the rliff, aa ilm warnc 
tunnel lU laiae and ahee after aliet? ia detaehed from ita rerticnl 
front, n froup of at lemai fire ainall ronla han Wn unecmired lying 
Abing a nearly north 'and a^juth line, fif two of thiwe a aegment 
reniama atiU on the cli8'Wall ami paaaea under the Imaalla; the 
othera hare been diaaeeted and half cut away from the cUf, whUa 
gmopi of ataeka and rocky ialcta of aggUimeraCe may mack ilm 
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of othoff tlmoft dEwed. The horiaEontol dieUooe withiii 
whi^ Tonti ore eroirded it probablj Jom tfamc bilf a mile, bat 
the loft j propoftiooi of the precipice tend to lead the ^e to onder- 
eetimate Mh heights sod dutaocea. 

The ^ * tborooghlj Tolcanic rock, conaiating of blocka 

of all mxm of rariona baaalia, among which krge alaga are apedaliy 
ocmaptciiouA, the whole being wrapped in a granular matrii of com- 
minuted Tolcanic dctritna. The arrangement of this material ia beat 
stfoii in the fourth Tent (PI. XV. and In thia cbaracteriatic 


Fig. K — Sedim of the mmt ruri- ns that shown in PU XV. 



Tolranic neck (fi in ftg. >) iht^ Umndar} wall*, as Uid bait* on the 
face of the precipice, arc vertiml, atui art foriind of the truncated 
enda of the bantM Utm (00) which have blown out at the 
time of Uio formation of the ontirc. il»c viwVilc diamrier of the 
Tent wan roughly catiroated b} mr U* hv about yartia. No 
appreciable alteratiim waa ob»*er^rd m tin cndu of the laraa next 
the Tent. The agglomemte i» coaJx*Ai in the i^nin*, where huge 
blocka of alaggy Uta lie imlteddet! in the aniorphou* 014^^ of coni' 
jiacted dc^iia. On either aide of thi« f^lructurt miUal portion 
the agglomerate ia diatincth atraiihixi fn»m the wulU towarda tha 
middle, at anglea of ilU to X}'". Kren from a dt^^tance it can lia 
ohearred that the upper limit of tlie aggiomermte ia aauoer>idiaped, 
the alc^itig aidca of the deptwaaton dipping towarda the rc*iitiT of 
the neck at about the aanie angh* as the rudely atratified agglo- 
manta undcfiieath. Front the b^tom of thia baain to the aeaderal 
may be a rarticai diata&ca of aome :ti» yarda. The baain iualf haa 
beem flllad up by Uma auipccaaire fUiwa of baaalt, of which tha 
ftm haa BMMraly oraHlowad the bottim, the aeaocid eotmiig 
from tha norlhm lim of the baain, exte^ acroaa to the aouthm 
•lopa, while tha tMnl ^ dowing from the north, haa filled np 
the ramaiiidar of the boUow and extended oompWlaly arfom it. 
Tha next auooeading (/> Wretched orer the Ata in aoch a way 


tfvof .iq q<huJbKK|d « 
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«• to bury it entirely, and to prortdo a IotoI floor hr the piling up 
of the attocooding aboeU of ha^U 

The aoeond Tent» which U repreaeniod in 9, exhihiU the 
•ame leaturea, hut with aotne 
additional potnu of intenat. 

It meaaunca roughly about 
yartU in duiincter at the wa- 
leTrh n!*«m Ummgh the name 
group ot liondcd baaalU \ a o ). 
and U fiUi'ti with a MnuUr 
agglomerate lu nuire 

northerl) wall i<* now coinn* 
dent with a hne of fAult lA) 
which aaiH'ioi* the clitT. idJ 
pruWdy mark* !*ome 
deov'e aft«’r the erxipti«>ii% h^d 
reoee^l. The •*mthcrn ^all 
► hoWH lllAt .% <J)kc of I ;/ » 

ha« n»en tM^twcN-ii the 
rate and tht« handc'*! 
and Uiat a iH«o <nd dykr< <; > lra~ 
venwa the latter at a duitanee 
of a few ftM 1. In tin'* inataiiee, alao, the np|ier mirfare of tho 
agglomerat* a mp KhA|Md deprfwnt4if) w)ii« h han iH rn flUed in 

by two nu«c*'«aivr •treain** <*f {r,*h. Among th** lureetHlitig 

l*Ta« (c)a pfoiujin nl mil f / ) ho* Im’i ii intrmfed, to which more 
ajiecial reternn «• wiU U' made in the •«*«|uel. 

lli-twe neck^ ar* ohiriou^iiy vohattu rriila Udongtng to the lime ii| 
the baiwiltn ♦ ruplnni*. I h**% have U'« » drilled through th*' haMdUof 
the lower part ol" the chfl, l»ut have Iw'en hune<l under thfia«’ of tlio 
oentral and higher [»art*. The arrarigmont *if thiir eomponenl 
raatenaU in r ^ie dlj>pirig toWar<U the centre of the VentuhoWK 

that the ejecl4i*d du*t and >it«u»ew iiiuikt have fallen hack inlittho ontiee 
•o a« U> lie rudei> atralitie^l toward«i the wnlre of th*' chimney, whieh 
waa hnall) clfiM'd hv tt# ow n laat di«ehargeA of roarae detritua. Tlie 
«auci^r>*ha{i«'tl upfu'r limit of the aicglnmerale m etna to indurate that 
after the eruption# r*a.4»ed each vent remairuHl aa a holhhW or mainr 
on the nurfa/e of iht' UTa^fiehi*. And the manner in which they 
are fllle<l with tiu' cemure whet U of ha#alt •how# that in courae of 
time oUier eruption# from netghUmnng orilief’w gave torth •irotima 
of Uva which, tu flowing o^«'r the vohanic field#, rvrntualiy hurird 
and ohlitermtc^l each of the vent#. 

In the dcwt/ui tion of the pri.*C}pne iwime of the venf« have l^o«n 
io much cut away that only a amall part of the wall i* Irft, With 
a poftUifi of the aggh>merate adhering to it. The third neck, for 
ifutanoft. afford# the aciclion reprcaMmUxl in fig. l^h p. HMb wbera th# 
boriiiintal aheet* of baaah (<f > have »ltll a kiml of thick pellicle of 
the Tokanie detntoa lAi, adhering to what muat have Imwh part of 
the aide of the onflee of eruptioti^ The warm have cut tmi a earo 
at the baae^ ao that one can, by boat, get li^diind the agglemorot# 
and aoe the margin af the roleank foonel in tl>e ro^d orerhead* 


Fig. 9.— FWcrtmV mrir r/eer to lAof 
fAoo^a ia /V, XV. 5 Jig, 
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In tlM» of fr«olo|peAl hictoiy m> pirinreiqoelj laid bara 

on thi^ Hrtmf cliir» wi^ are prcaented vtib a aignificani lUoatratimi 
ol wbat a«e<n« to hare lieen a common trpe of roloanic vent in 
tbe Tertian >»a«aJt-platcaax. liy the „ 

foitunaU' acrf'idf'Ut that denudation ban ^ ^ ir^ 

not pr.Kw.l-4 Uh, for. wr- orr able to o/ rrnorAer aorl o/ 
obaerr- lb- oripi.ol tni- of at le»t two *" 

of lb. and to are how auch ** 

rolesiiir orificea, which were doubt- * ^ . ii juj$. V. 


ionii abundant all over th<w plateaux, 
eaffM- to lx* ent/imlx'd under the erer- 
inrn aMi}^ pile of arrtimtilat tng baxalt. 

Th^re in “till one feature of intercut 
in IbcM* cliff-M-rtifina which diwrvixi 
not ice here. Kvm gt<<»logi»t who haa 
•tndied the eoiii|»ofiition of the liuMalt* a 
pUienux low* remarked the coroparH- 
tivel) tniii^nitiertnt part ptayixl by 
tuffn in tht'Me \fib'anif‘ ftc<'utuul.itionK. 
Hundreilii of fe<'t of ^ucceaMiTe Ikaaalt- 
aheeU mn> often l»e examined without 
Uie diiKM»ver} of any interrainf ion of 
fragmental inateriAU. and even when* 
nuch tnU*rrahit}onM do f>e<‘ur the\ are 



for thi? rooet ]»urt (pute thin and «-\trem«l\ l«>ral. I found it 
impoaailde to H<*iJe the preeipire bir tin- puq»»i*4 ttf aorertatliing 
whether uround the Stnimo letitA.. and r*ii»riee!#'«i uith them, there 


might not U* iwime UxU of tuff iiitt'mtrattth'ii Utaeen lh» Ikaaaha, 
If purh Ih’^Ii* exiat, they 040 W of only tritlmg thn kfie*** ami rxteot. 
Here, tlien, an* examplm of onoe arUve vent*, the funnel* of which 
are ntill ehoknl up with n»*ir»*e tr.vgmentai*} eo‘»iem», yet from 
which little or no diacharge <tf aah«^ and Ptonip tfbi*k jdaf'** over the 
•urroundiiig gnuirid. 11iev iwxni t<» hat#- U*<*n left a* ouatrr of 


erater-likr hoU *w» i»n the surface of thi* la^a told*. 


Tlie next example of Owk which I will mt ura «o tho 

cliflfa that form the »t»utbern aide of the *heltrrr-l inlet known at 


Portree lia\ in the Ulc of Skxe, ThtMie ehff*. the M^^w^rd eaearplMiat 
of the baaalt -plateau* nae al»oTe a {dutfonn of vtndatotioa 

and ahalea. At Cama* (iarhh* where the% haie n trenched hy 
a amall rivulet, aide«i h\ the preaener of two dykt*a* the gully thut 
foraed cxjawea a ar<tion of a neck of agglomerut* that underltot 
the Imaalta of the upper half of the cliff. 'Phip neck u r^mncctod 
with a thick defaiatl of Vfdrafdc eofiglomerate and tuff which, lying 
between the biukallm exlenda frxim the neck to a €^>n*idcuwble 


diatanee. The general relations of iIk' rock* in thit clUf are 
leprcwented in ffg. II. 

The agglomeratr in fig. tl> i« quile tumultuoua. and here 
and thm atriktnglv eearae. Some of it* included blocks measure 
ft feet in length, tlieee fragments represent mQ*t of the varieliM 
of Um lavas of the diatriei. Isirge alaggy maasea are ahaadanl, 
and aomalimea exhibit the annelid-like elongation of ihn vaakim 
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to which 1 h«Tc rclhmd mt oeauaonally di»pl«yed by the plfttcMi* 
bto h *. Mor«» th&n 60 fed of ai^lomcnUc U ri»iblc tu Tcrtio*! 
height from where tt« bo»r u conceded by delirin Mid Tcgrtation to 
where iu upper nurfhce under a handed rock to be aHorwarda 

dfochbed. That t hi» otnttrmtihed mane of YtdcAnie ejecUtnonU marka 
the »ite of the rmt can hartlly bo dimYitfsl, although denudation 
haa not rrTwdrd the actual walU of the chimney. The aieep 
grawy alofiea do nd fwnutt of the relatUnia of the rocka being ©rory- 
where at^en, hut the agglomerate app«*an> to fmaa laterally into 
dner. rudely «tratthed matenal of a aimiUr ktndl which exietida 
eaat ami wed of (he rent aa a thick drpoait htHween the bedded 


Fig. I I. ' .'vc/i<m er* » ivw/ iimf if»«/ 

.Vii-rr. i\$ tints /V»r(i*#e /lov, Sltf/. 



m. hrYlfirvi tluil ifrnrt! tuff . <mf>ni4r , tauMilt . 

cf j-.ir t^.*! f l]Mri()r.«| iiiH ffM k ttf 

dr^tntAi nftgiti * rt»flr)t rtiSufuuttf (/ 

(«( .*•!.»*» hrti-** I A lU kr IT io 3 hail 

bnaMi , I ll«kr ur tiU of ImMkIt M.lUiUo to A *oit CMmtiaetid 

with K 

baaalta. IVniAthly fienudation haa only a/lvatic«'<l far etiough to lay 
bare Uir crater ami lU aurrottnding ohi^^ta of Iragtm'hUr) maieriah 
while the chimm \ liea atdl htimM undernraih. 

Kaat of the agglomerate the frairmeittan material Uvomea Umm 
eoarar, and abowa }»rrr;».airfg irelir^ition* of a In^dde*! arrangt»- 
tnent. f'ioar to the .Iggloifierale the dfj» of ihe tuff la 

towarda that rxk at ah>ut H* , A few yarda farther oaat a 
abort of eery tlagg} baaaJt ia msm^o to he agatiial th^ tuff, which it 
doca not pierra. Tlie veairlm in thia a^lhenitg f ake of lara bar# 
barn pulled out id ihe dtrretion of the alojn’ tdl they har© b»* 
oomr narrow tubm 4 or fr tnebea long and parallel t/> each oihar. 
fkwia parU of tbia rm:k hare a eunrofl ropi *arfaee, like that of 
waU'known Vcwurian iavaa, atiggeative of the molten rock hatrtng 
flowed in auccraasre thin nanona aheeU down tlie alnpe, which haa 
a dcdinly of about Thin laart of the aecii<4t may poaiibly 

p t c a a r r e a fragmeot of the actual inner ah^ie of the crmloTt farmail 
ii mdaiy baddMl tufla. 
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Cootiiitiuig iitill Mtward, we find the feebly atimtified tofiT (a) to 
be perhepK 200 feet thick. It forme a graeay dedirity that deeoenda 
fom the liaealtrcecarpinent above to the graea-covcred platform 
whsdi overliee a lower group of baaalU. The Tisible portion of 
this inif prrac’nti a thoroaghJy rolcanic character, being made up of 
the imuaJ dull dirty-grcen granular paate, through which are 
diapemed angular and rough luni|Mi of slag and piecee of more aolid 
ba^t raiy ing up to 1 or 2 feet in length. Thoae atonet are 
generaliy dutftoaed |iarallel to the indiatinct bedding, but are aome- 
timea placed on end aa if they had aaaumcd that poaition on falling 
from an explomve abower. Among tho smaller stones, pieces of a 
finely Tcaicular basic jiumice an* fre<)uent and are among the moat 
strikingly volcanic products of the depoait. From a charactoristic 
sample of thesi* stones, a thin slice* was pn'{>ared and placed in 
Jdr. Karker s hands. The following are his olakervatious on it : — 

* A ver) compact dark-grey rock, amygdaloidul on a minute scale. 
The lighter grey crust is probably due merely to weathering, and 
the sjMHtimen s<*ems to l>e a distinct fragnxmt, not u true bomb. 

*liie slice (t»t»ti 2 ) shows il to W eNSoiitially a brown glass with 
only oocasioiial microsoi>pic crystals of a basic plagi<»rdase. It has 
Iwaiti higlily vehicular, and the Vf*stc](*#i an^ now tilltHi by various 
s<*o<JHihiry products, including a chloritii minrrai. nearly colourless 
and singly rf*fniCtifig in thin section, and n leolite.* 

Tracing now the tuff fn>m the aesUm **011' of Uie vent, we can 
follow it to a gn^aler distance. .No abrupt line can b** d<‘tected 
hen*, any moix* than on the other side lH*tw»'* ti the agglumentte and 
the tuff. The latter rock extends uncler tlie overi\ ing plateau of 
basalt, at leitst as far west as Vortrvr lx>ch. a distance of fully a 
mile, but rapidly diminishrs in thickness in that tliriKrlion. Trac^^i 
of what is probably the same tuff cmh be detectf'd U^tweeii the 
Imaalts at Ach na llannait, more than it miles to the south. It 
is thus probable that from the roririH' vmt fragmentary discharges 
took placH' over an area of ps*%*«'ral s«)uare miles. 

Above the agglomerate of Uiis vent two Uras ma} U' seen to 
start towarils op]K>aite direetums. (hie of tht'M' [c in tig. 11) 
begins immediately Ui the t*asl of the two d\ko. It is a dull 
priamatre basalt with s slaggy liottom, its vesnle* U ing pallt*d out 
Iti the direction of the general laxltiing the miction . It descends 
by a twist or ste|^ and then lies on the g« ntly mcliued surface of 
the tttfiT which dips towards the agglomerate. Farther east it 
tncmojias in thickneas and forms thr lowiwt of the bomtlt^-shcris of 
the cltfif. The lavs that eommenoe# on the wrstem side of the vent 
{ii in fig. 1 1 > is a massive yvonted liasait, which, Uuiugh not men at 
the vcmt, appewra tmmediatrly u» tht* west of it and rapidly swedU 
out so as to become one of the thickest sheets of the locality. It 
lies upon the mdciy bedded tuff, and is covered by the other basalts 
of the cliff. 

That these two basalts came out of this vent cannot be afilnaad. 
If they did so at different times their emisaioti most have bean 
loUow^ by the emplioii which cksarsd the fnnnel and left Ih# 
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eootrml wum of oigtiomofiito tlic^. But tliot aoiito kind of roiioor^ 
•bopcd drprcoiioit ir»» sltU kdt iiboro tbr «ilo of tho root in iodiootod 
by tki» curiouji rlliplicm] majm of rock (#) Umt liet immodiotoly 
olKm the oiQtlomormto from which it iihAr|ily morkod olt Thi» 
i« one of the moeC pauliiiit roekr in the dintriet, ptohohlj to laii^ 
neotfun* owtnic to iU odriinocNd etiite of doenv. It t» dull rod io 
coloiir and dorompooni into roui;h)r ponUlol Uroiw, oo thot ot » 
•hort di5iUnre tl looks like m hodtio<l tuff, tir like somo of the 
ontmhhnft rsnetsiw of bonded Ur«s. I rottitl not obtiuii ipooimotui 
frtiib rnoui^h to put its nnture <ind onirin beyond disput4^. Whot» 
oTor ms\ hfkxt been tu hut^tr) . tins ferrurtnous rook notn in A 
iHlitct^r-shs|ie<l depmssioM lyinir slxivi* the A|n{loiliemto of 

the Tent. llie form of thu deprtxistun. like that of the Fufot* 
nocks, rurrrvjxinds fsirlr well wiUi wb.-il wr nisy sun|x>iie to hove 
t>eefi the tiriAl (xiMttion snd shsfte <*f the emter <»f the little Tolontio. 
The rtx k thst ^irruptes the htdloir di«x« out towsftU the rAst «»n the 
face of the <diff. smi the prismstir txisalt «r) u then imintHltAtoly 
roTenxI by the re*it of the t«iuu%lt -she«H« of the pUtt^nu ( / ). On the 
western side ii« prerise termination is ronreahM by ictass. itut it 
must rnpidi) dwindle in that dins tmti aUo. for not tiiati) yartls nwny 
it is f *nnd to hare disap^xwrrd. and the basalts i»/ and /) CHime 
ioffether. 

Tbouifh the d<*^ye<l stale of this rtxk does not warrant any very 
contiiient opinion reipirtliiifr lU htstitr), I mu ineiimsl to hxik Ufioti 
it as a flejMwit of nitirh disinte|icr»!ed voJramc detritus washed into 
the hollow of the <dd crater when it had Ixx'tune tilleil with water, 
and hail pasa<xj into the r«»ndttion of a mo/ir. I'he |M^oiltitrly 
oaidiietl oondition of its matenaU }eiinls prtdioM) to lontt ntniospherte 
ei{sj»ure. and an rxatiunation of the surrounding parts of tlu» 
district furnishes more or li’s.s t{i<itinrt e» i<|» nr*-' that a < otisideralile 
la}ia«* of lime did artuaU) inters en** IsHwe^’n the rrw*ft«itioit *if the 
eruptic»n* of tlw I'ortrtw^ volcano and the ne»l great basalt dbxxja of 

this |w4rt of Sk\e. 

lhat Tob.tnir eruptions from <»th«Tr vents eonlinun<l after this 
rortnx’ Clam pie hml Is-rome eilinrt ts prov»v| by the great slieeU 
of basalt t f' ) that overspread it and still bur\ a large tract of the 
frairmeritar) matenaJ which it disrhargi’^J. At a later time a fissure 
that was o|M'fied acrriss the vent allowed the uprise of a basalt dyk» 
(^/b aud sut»se(|uently another inp-* ti»m of similar uiaLertal bsik |>lAm 
along the same line of weakness i/» and « i, 

Before leaving this intwrestirig b*eahty we may brielly taka naUr 
of the distribution of the ashes arid sb#iie*i I'jeried by llie Toleano, 
and the evniencr for the relative length of ibe interval Imtwfwn tho 
outflow of the lavaa lielow and tliat of those als^vr tlie luff aod 
Tohmnic cimglotnermte. Admirable sections of tb«we de^swita mmy 
hr trarwri along thr baas of the cdiffs for a mib- »o the wwsi of tha 
font Thry thin away wi rapidly in that direction that at m 
disUiicr of i mile thry do not much exe«^i />i fed tn thiaktMMM. 
At Camas Han ibry consist mainly of a ftri«t duU-grem, graiiiahig« 
ruddy stmUftad bmolt^uif, through which occasional attgnkr 
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of diflmfit UvM and rough alagi are irroguUrlj diaperaed. 
atoDOii ffccur hi^re and there in rows, suggeiitire of mofw 
Ttgorotts dtsrhsrgfo, the layers lieiveen the platforms of ooanmr 
dolritns hetnff f»ccu|iitid >•>* fine taff. Some of the ejected blocks are 
tmbeddeil on end- an indicatton of the force with which they were 
prenected and fell mwrlr a mile from the craU^r. 

The upper |iarts of the tuff jmsa upward into fine yellow, brown, 
and black clatrs a few feet in thb kmw«, the darker Uyern being full 
of carlionaceous slrt^aka. On this horiron the coal of Fortrese waa 
formerly mined. 'Hi© workitigm, however, have long la*€*n abaitdonad, 
and, owing to the fall of large bh*eks from the Imsult-diff overhead, 
Ui© entrance to the mine is alnenit rompb'telv bb»<*krd up. One 
wooden pro|> may still U* sefni ke*’pir»g uf» the rtsif of the arch, 
which IS here a slagg) Imsalt. 

Kaai and south-east of the I’orlree vent. «^xleriKivr larol* lips of 
the volcanic S4n<-s and of the underUing Juras*ir forniationt 
make it hanlly |s»ssible to trici- the continuation <»f the tuff>xone 
in that dir»'ctu*n. To the p«»tiih. hoisevor, at a distant e «»f rather 
more Uian .'f mill's, what is prt>t*ahly tti« samo str.it igraphieal 
horifon maj he ennvenimtlv examined from Ach na Hannait for 
aerme way to the north of I'lanavaig Kl^ At the former lo<*ality 
the rah'iinwuis •-afiib?*u>es «»f th** Inferior jin* unet>nformably 

eovereil by the si*etMfi n preM>iit4«i in tig 12. At the Uit torn of 
the Tohwnie senisi hr* a sheet of 
malular dtderite with a sJaggy up|*»T 
surface (ut. Wrapping round (he pro 
tfM'tions and tilling up the »leprr's».ions 
of this lava eomi's a thin group *4 
seihmetiinr\ strata fr«uii 1 or 'J to 
1> inches or more in thtekness {f>). 

Thrue defswit* t^in*ist of hardtUt^l 

ahal© rhaTg»*d with mae«’mt«s{ rt inoin* 
of linear leaves and other plant- 
rrmaiits, including and |ias*ing into 
streaks of n»al, whnTi nin\ U’ hs^ki'il 
upon as pndiabli ocrupMiig tbr same 
honxon with thct>M»l«»f Fortrrs. Ilut 
her©, inafoad of n |M««tng on a mas*^ of 
atxatifi«d tuff, the la^cr* 

lie on on© uf the Istnldfsi 1.1% ns. The 
tttff has died out in the intervening 
3 milea, >©t that s%*mr <4 the dt«> 

©hargfni of ndeantc detritus reached 
©van Ip this disUncr, and tiist the\ plocv during the accomo- 
latioii of then© layers of mud aud regeUtion is sh«>wn by the 
ecruftettce in the ahales of jueces of finely amygdalotdal basah 
litMU lesa than 1 to t» tneht^ in length, likewise of lapilli of a 
fine, minulaly eellular, basic pumice, like sum© rarietiee of pain* 
^ooite. Tbt overlying dolentr becoom finely phmatie at ita 


fig, Ilf S/t'fton of duf 
at Ach 041 
H an nait of /Vcfrrr, 

St tf( , 







TaIIT uf A TOLCAJkIC SK4k \t THK KlVTKMjr KVO or TBB ULAXD Of VaUXA. 

(See aW lig. 15.) (From a pboCograpb bjr Mia# Tmom, of Cantia.) 
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jonotion wilh tlie •oditnootiinr lorrri. ond hur probobiy indumtrd 
fboin. 

Thir iotrnmUitton of o idi«ly jind r««jy bond omonK tho Utoii 
€4111 ho foUowvd northward oUmg the In oomo ploroo ii hoo 

born intodrd by dxkro. wlU, oud thr«« 4 (U i%( boiioit on the moot 
romorkohir minutr <>l orhirh I oholl ^rv oom# oiiroont in o 

lolnr port uf tlui^ pti^trr iM. p. »t 7 * 0 . North of Ttnnoroi|( 

Boy — th*t 1#. oUmt ^ mile neorrr to ihr IWtnv rrnt— ‘O prr- 
rrptiblr tncrroj*e in the otnotitit o< rolroiitr materiol i)« ohoonroblr 
omotii; the nhalr* oml leof Uxl*. Nut oiil\ ore Upitli of bootr 
pnoiirr ohumlont, hut th« rohdtiir liHritti* ho« omimiilotiHl here 
ond th*'rr m irnt omtnint to form a t»omi of dull ftrwnioh* 
bftnrn tuff. 

I bote olrt oi!) alliidf'd to ih*' < ht»racter»*!ir fiu t that thetnt4ir* 
otmtiffrototn* of mitmo! iim«*ti*; ih«* Im^oit pUtooiix 

fr«|ttentl\ terminate upH.ird xt\ Irtif U'«U, thin I'onJ*, or inyero of 
ohoir, lull of indi^ttnrtlx renittin^ of p|{itit<i» ond oome 

farther f-lnkin^ tUu«trotion«k t>f thi* triiturr wtU l>r di«»('filief| from 
the riYer •«hui;ud» ' ond i»ther » irtdon«vo of oator nition flurttijr the 
Tolcontc |»•'rlo*l in the i»hind« »*f (’otitia otui >nti»Ui. There rotinot 
br om douht that the tetjetottuti thu* |tr»-^rie<l % tefreotriol. 
it j»r«>l*ohU ifreo not tor from the where itn rt timinn hoirt* 

bom prtwr^id. I.^'o'"' ** ati<l w*»uld noturnllN Ih^ hiourtt or 

iroobe<l into j***-*!!! on rhi Uio tleld*. and wnild jjather thrrr ommiit 
the Bind and *iand <.trrie l hy ram from t)ie ttiirtTMifidintt {ft'oUfid. 
bach o l<»j»i|frrtpli) and »ii*dj a M'tjuefK'** of exenta poitit to interroJji 
of hmijer or *honer dtsrati ‘O l»*tweeii the jon * ve oi;t)i«innti|pi of 
hoooil. It woji prohahli dnrirtjt oto- of tlirnw^ tnterr<il*> of <|4ietiide 
that the crater of the I'ortre*’ Ttdrano a mour, and woo 

hfioil) up. 

There i«» 4»ne hiat r-irimph »»f a v«deiin»'' vent, of trhodi a 4ie*M'n|»tton 
moy here W» jfiven. It fxv urn at the ea^irm «hiil «*f the inland uf (wntio. 
A |»e>rti<Oi of It pr*‘je<i« from the grti^^iy alo|w''«, and ri«*ea vertieally 
obove the* fieai h a« a pietunwipie rrajt *n front irf th*’ pret ipiro of 
ildi t 1*1. XVI, », Hot the •ame f’l^k ma) Ik' tra ed aotith* 
word til the Coriighofi Mor. and north westward iri the h»w#»r |i«ri 
of the eliffa f<i a little lie^otnl the mna-aiai ii of An N*dl. It hoa 
tbuo 0 diameter of »i li*ii»t feet. W<*«»tward it under iho 

eormlomerate to t»e afterword# deai;rdi«*ih -tnd lU ea#lefti ealonaiofi 
boo br«n eorinralfd hy tlie aea. 

Thr maleriaU that fill thi* rent eonjiwl of a tyjacal arntbameroto 
aampowrd witirrly, or almoat eiitir*d), of %o!faiHe d**tntaa. Tbw 
tmbrddod blijcka vary up to H fe«*t tii diameter or etroti tnorow 
Tboy ore chiefly ftmifmontm of rorimi* lia#alu oimI andr*st«w, irt^tMOwUy 
noicnior or omygdahiidoJ. Home rif thiwe, which haim rrhiettily 
beofi broiuNi off alrtwdy oimaolidated lovaa. ore anifidor or onb- 
anfnio/ in obape, ond tbetr oteois hobw ore e«it mrr*m by tho ontor 
ottKoaeo <rf tbe otonoo. Wbetu illed with ealrite, «rolilo« fht> 
•mygduko on eiaetly rraembW tb<eie of the le «hi«d baoolU of tbe 
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|]lttl««tti that, at already remarkad, we inuat beliere them to hare 
been already filled hv infiltration before the diamptkni of the rocka 
by Vfileanie expbi^ioni. (Hher blocka are true bomba, with a fine- 
Ittmined cruat otiuide and a more cellular texture inside, the Tesidea 
of Uie outer rruat being aometimeii dragged round the surface 
of the stone. The ranety of materials included among the ejected 
blocks and the abundance of pieces of the red bole which so 
generally separates the plateau 'basalts indicate that a conikierable 
think nesM of Udded lavas lias probably lieen broken through bv the 
vent . Ilesides the volcanic materials, <»ccasional angular ]iie<^ of 
red (Torridonl sandstone may be observed in the agglomerate. 
The paste is a comminuted mass of the iiame mati^rial as the 
blocks, tolerably compact, and entirely without any trace of strati> 
fication. 

The actual margin of this vent has nowhen* Wn dcteoterl by roe, 
Wc never n^ach hen* the base of the volcanic series, for it is sunk 
under the S4*«-level. (hi the other hand, the upjier limits of the 
agglomerate have Is'Cfi partially eflaetd or oWtire<l h\ the thick 
e<mglomeriit<*s whi< h 4iverlie it. There ran l»e no doubt, frt>m the 
hrf*adth of ground across which the agglomerate can he followed 
along the shor<\ that the vent must have he<*n one of somewhat 
exceptional siw*. |»erha|Hi not less than J mile in diameter, unless, 
indwd, then* were more th.in <*ne in tlow* proximity. 'Hiat 
it nintiinud in vigonms erupt i4m may Ik* judgi*d from ilie amount 
of material ejf*<’t«tl from it, the large sue of its Idotks, and the 
distancf* to which they were sonietinnw thrown. 

Thepu*eesMf Torndon ^nmlsf«»ne wen* nt» doubt denv*«d from the 
extension id that formation underneath ('anna. t>n the r>p|K>«ite isUnd 
of Hum UieiK’ pred’amhnaii ml sandstones are copiouslv devrlojx^. 
They form then* a platform thr.nigh which the Tertiary volcanic 
aeries has Invii eniptefl Several remaining outliers of ihe lM*dded 
luMUilts on the western side of that island show that the basalt-plateau 
of Small Isltw onc«* covereil that area, and that it rt*ated imme- 
diately on th«' inclined edges of the Tomdon Sandstone. Tn>liahly 
the same stnicture stretches wretward under (!aiina and Saiiday. 
No UWMW of any iuraasic strata have b<wn detected hmeath the 
Toleamc roeks of Hum, though they are ao well developed a few 
miles to tbe east in the taland of Kigg. F4ther they werv^ not 
dofioiuted over the pre-Caml>rtan rocks of Hum, or they hod btwti 
rrfuored from that aiicimt ndge Wfore the bc^nning of the 
Tertian* volcanic perivM!. CVrtainly I have not detected a single 
recogniiahle ftwgment of any Jurosiur sedimentary rock in the 
agglomerate of Ganna. 

Tills Oanna vent exhtbtU, bettor than is nanaUy abown, the 
oorumtico of dykes and irrwgular injeetions of lava through Uia 
agglamerate. A laige masa of a finely oolnmnar basalt moeoda 
from tho beach at Garbh Aagamtsh. A similar rook forms aevoral 
detached crags a Utik Imthor south, paiticnlark in the beadlaiid 
of Corogbon Mk* and the island of Alman. Here tha hamlt to 
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bMHitif^Ur folnmiuir* it» almdiY jmumt eurriiift tnm i fentrol Him 
luitil tlirir end* obut rfMOst tJM» «|qtlcmiofiit4;*. Tbo truly iutrurirf 
chufuctor of thb Itmlt w 

wrll thown on tl«^ Fig. IH.— rWitmuitr hamit 

front of Coroghott M«>r. nnd of evirmif lynl* Cony- 

<m tbr norlht'ni f*ce of M('>r^ /#/r 0/ Comma* (lieu^i 

Almufi, n* rrpmw'fitn! in monr (Aam 




fnmt of Coroghott M«>r. and lynl* Aim 

on tho norlhorn faco of /#/r 0/ Atwiwr* (lieu^ 

Almafi, an rriinpaontoi! in monr fAoa 

thr acy*otn|«an^ mg fliagnunii 

(fir. i:‘A n.. . ' ■•./,:\v\. 

Alth«oijfh thorr in no ^ 

roneluntrr ovidon^' that f V'/ 

thoM* imniMonn fiolong to 1 ' ' "Tv 

th«? timr of thr arlivity of ^ 

Um* Trnl. \vt fhov diffrr K ^'*~^** v • V 

no fmo'h from thr (kniiiiarr ' ' V i 

drk^m <onr of whu'h aln»» ^ V" 

cut* thr 4ggl«'mrrnfr and - V^'- \ ' 

a40«nid« through thr r,>n . 

glomrrato* and Utnaltn \ • f * * 

Atwirri, arr ruriftrir^i \ 's)’ 'N 

markr«th to thr frnt and ^ " X*' 

tU immr*!»aU’' pronmiii* * ’ ^ ' - ' 

•nd frnrmtdr no rhtM'tv tlir 

h»%ah injrrtjoti# of ot)»rr v»»nta» »urh an lh<M»r of thr ('arUmiforotin 
and iVnnun nr*'ka of Sot land, that thr\ mn) with vxrry prfdai* 
htlit\ S' rrgnfdrd at part of thr mnU.iui*m of thr ('anna vtdrano. 
lliough thr form 

atnl *i/r of thr vrnt Fig. 14. f 't-itttnHitr Ltcfill tnva^ltmf rof 


\ 


V ■ 


.VortArro tuig nf 


'■;s 


of thU Tolcnnf* ranni»t rante fitnt/lomfrntr. .VortArro guig 
hr pfrritriy drrtnrd. .f/ooin /t/rf, f Viono. 
thr u|»prr part of lU t '* 

agglomrratr u dorr- I > i / / 

tailed in thr moat / f t j > /; i 

intrrmting way with /T' / / I ' ' f 

a Hariri of noamr rv>n* A j j / / t j / 

glomrratrt, which / * '* / /// 

indiratr ttrong * * h ^' * * * ; * 

aqooou* art ion in ihia VV ^ \ • ’ * . 7«-: ' 

part of the rolranie \ 

ansa during lha time / '/ .\ . . fET:'* 

of the rrupt ion of the / V ; ■' 4 . ' ’ - ■ ? ' 'Tl • 

plateau* fHMalta. Aa / ^ ^ ** ^ 

the bialory of the . >\ 

amptioiia of the Canna * 7 \\ ' 1. ^ 

▼eot it to cioialy finked 
wtili that of toate 

ptf w effa l rinsr wbirh fhwred aeroea the Ura-fieldi in Ihit part of 
Waateru HeoUaiML I ma t r e e further atsootial of it for the next 
aeetioa of thia paper. 
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III. Thi Rrrnui of tm» VoLcimc Pseioo. 

llAtij yimr% a|ro 1 oommonicaUd to this Bocietj an aooonnt of ao 
aomont nvcr-<*hanncl which, during the volcanic period, had been 
aroded on thr nurface of the haaaluplatcau, and of which a amall 
portion bad priwcrvod under a ntn^am of pi tcha tone > lava that 
Lid tl<rwed into and buried it/ ThU wateroourae, now marked 
b) the ]iirtur«a<|ue ridge of the Scuir of Kigg, was shown to hare 
laun ejicaistiyi by a •‘tnam which came from the north-east or 
east, and to t»c tomigcr, not only than the phiieau-baaaits of the 
distnct, but y<iuijger ev«*n than lb© <iykci» which cut thi>se basalts. 
Yet that it iMlonged to the %'<dcnnic |)ehcKl wai» proved by the 
manner in which it bad U*cn muImI up and preserTt*d under the 
black glaidiy lava of the Siuir. 

Within the last Iho years I have met with i»thcr and more 
ahundant evidence of river-action in the same ri^ntm of the Inner 
Hebridtrs, This evidence, however, Ud*>ngs u> an earlier part of 
the voleanic |M'rnai. it reveals that a jw>Herful river, fii>wing west- 
wanl from the Highland inouiitanm. swept over the vobuinic plain, 
while the shis'ts ot basalt were still Ix ing |Kmrefl forth, and while 
voleanic eruptions were taking pluc«* from ci*nes »»l slag. 

This interesting risord is pre»er»*ed in the islands of (’anna and 
Handny. The gravels and silts of the nver are there found inter- 
calated lietween the basalts, mingled with volr^nir- detritus, probably 
ejected from the atlive vent altt'atl) de>^ rtU^l. t>ii visiting ihcwi* 
islands for the first tune last }eur, 1 found Mt niurh that was new 
to me in ri’gnrd to the histtU) .»f Terti.irj vobniiir action, and 
which demandt'd a laretul survey, that 1 rt'turned lo the l(H.'alit\ 
this summer nnd rt'inatied in t anim utitd 1 had rnAp}M<<| that 
island and Us de|s>nden« tes lijs.n the < >r<inaftre .Survey slo’cts on 
the scale of ♦* im hrs u mile. 

llactmlhsh, in his a<ot>unt i»t ('anna and Sktndsy. U>ok notice of 
the inU*rcal:ttion ot «f tx»ngh.me!nte among the basalts. He 

rrgmni<Hl Uirw' detrUal k* as h.tving U eti arrangeil under water 
and as marking |»uu»tw in ib« tW of the sheets of ‘Imp.’ 

He likewise gave tao u<agr.tm«i in illustration of the relations of 
the conglomerate'^, tml he evpresstxi nt» detiuite opinion as to the 
origin of them' rvaks, tlnmgb in one {ksasagi hr seems to have 
inciineil lowartU the Ulief il.ai they wt»re foniH'tl in the tea.* 
ISine© hia Ume, au far as I am aware. tu> fresh light has lieeu thrown 
Ufioii the sub)eet. 

The csmglomerwUw an* Iwt deTch»ji*\l at the eastern end of 
C^utui, when' the cliff* pn^sent the structure illustrated in fig. lA. 
Al the and paaauig under the ti vel of the Msa, he* the agyto- 
mfirat© already di-^erdie*!. This rock baa a aome- 

wbat uneven upper surface, which n«es in place* about 15 m feel 
above high-tide mark, litre and there it shades off upward into 
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VtL 5a«} ftAajoT-rtjmAVi at «o«ni-VMnnui tviora. 8U 

Iht co»fl<iaitrmtt that o>rc»rlMa il: waUinroni pabblta 
MMtur oontoiita^ and rude iraeca of boddiair (m|Po to ahow 
Mhrea, oiitil^ viihin the courae of a few fset, we paaa upward Inlo 
an undoubted roii|rk»merate. Kiaewhere« howeTar« and tiariioularljr 
along the predpico* went of CVunpaM Uill^ Uie two depoaiU are 


Fig. 15 . of thf hfli*w (*omf*am //•//, 

I»U of i ffemt. 



■M«« diattacily marked oiT from each other. The egxloiiicrrate baa 
there a hummocky, trrugular upper eurface, ae it tt had been thrown 
down in heapi. The boUow* between ih<»e prcvtuberanoie hare 
been ftQed up with oooglomerate and aandfft^*^, torming the baea 
of tbe tbtdi oeerljsng ik^naite. 


2a 
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It is thus clear that the loose materials of the vent were directly 
exposed at the surface when the conglomerate was accumulated, 
and, indeed, that these materials served to supply some of the 
detritos of which the conglomerate consists. The absence of any 
tiare of a mne and crater at the vent may perhaps be explicable on 
the supposition that their incoherent material was washed down by 
the currents that swept along and dejiosited the conglomerate. 

The mass of sedinientaiy* material (A) which overlies the ag- 
glomerate of the vent forms a conspicuous feature along the low’er 
half of the prccipiwrs at the eiisteni end of C*anna. It rises to a 
height of to .‘WtO fi‘et alK)ve s<?a-levi-l, and must reach a 

m.txitnum thiekni^w of probably not less than 1<M» lo l,0o f(*et. It 
gradually Ylescends in a westerly direction Isith along the northern 
( lifts and in the l(»wer ground round (‘anna Harbour, insomuch 
that in aliout n mile, owing to the gentle wenterlv dip of the whole 
roJeanic wriin, roinbin<*<i with the effect (d a iiumbtT of small 
faults, it passes under the level of the sc‘a. 

(ireat variation in the eharacter of the detritu-^ romj><wting this thick 
gn>up of strata may f>liMTved as it is followed wf>tw'.»rd. On the 
«‘liffs Iw'low Compas*! Hill, as r« presented in fig. lf>, p. .'Gfi, a c«»arse 
eonglomerntc with waterwcmi stones, bardi\ t** l>e distinguished 
from the volrnnic aggbuiienite of the vent, shows more or less 
distinct U'dding, or at bast a sueri**.H on of ronrser mol liner bunds. 
Towarfls its bnw' it enrlosi's numerous |ije«i> of Torndon .Sandstone, 
sometimes stibangtilnr. but often s<j well and sTn<»**thi} rounded as 
to *>how that they mU'^t have !*♦'» 1 , butg suhjerted to the action of 
moving water. It is further tdiservahle that, whih’ tn tb»' aggb^ 
memle the volranie stones have rough smhiees, th'^n* in the 
«Hiliglomemtr Ingm lo sln>W inrreaming evident e »»f attrition, until, 
as the de|«*sit istrar^nl upward. tbe\ tssom#- :dnu»si as well rounded 
and wal«*rworii as the tion-volranie stoio*. which have rome from 
another district. 

Yet amidst and overlxing ihtw pnsds of transport from some 
little distaner lie ahitndant huge •lags uiti ldo« ks of am%gtialotdal 
lava, sometimes rJo^e!\ aggregnt^d, sornt times se.itterrd through 
a volcanic luff or ash) sandstone Hh' tv>m}Misitu>n and stmiium 
of theae stones, and the tnanerr of their dtA)s'rsi<»n through the 
de}KNUt, leave litUr doubt that they Wi re ejected from the vent. 
We are thus eonfronted with the interesting fact that, while the 
materials of the volcanic cone wert* Unng w.udicd down by niuniog 
water, ent})tioos were sUU taking place. Hut by degrtws throe itidi- 
eationa of eemtempormneous volcamc artirity disappear. The detrital 
materials berome eoaraer and more distinctly water-rolled, until they 
DMs into greenish sandstones and hne conglomerates.. Yet the 
matrix even of ihmtf higher sediments is laigely composed of fine 
vnlnanie detritua, and ptrobaUy points to oceasicuial ameharfm of 
<hist and .aahee. 

Various sills or intnirive riieeu haw been injeoled into this sedi* 
mentaiy gmup almif the predpieei ^ the eastern end of Chnna, and 
Iona there lentacnlar bands. One of these (r> is tl own in %. Idw 



m 


T«L 53.] or romi-wiBmnui criora. 

ImmodUUiilT mhot^ tht vMmw irwobh pobblj MMnditoir (<l> 
irliirli com ihr fimtitM »<«rK». \im n irri^tip of ImmmiII* oomiMMm 
of KCYoril distioft hnl^. haring a uhilod thirkiMMio of from HO U» 
lc4) frrl. Thr loarrwi of thfor ha^i a re|coUr colamnaf •fmcturiN 
vhiW thw orrflying it rihihit tKo c^nfoMH.! »taroh*lilto KfOtiptng of 
ourroii and rathrr tndurtinrlly -formed pn»ma» which ta io oho- 
rart^^n^ir a atnirfurr tn ihr platcaua. 

The nert ^mnd ni upwan! «uro«^ic»ti i* otir of ootigli*morato (/)• 
which rnn^ a« a r*»nfitut«UMi and con*}>teuoti« fmturc along the tl|»pof 
part of the »!itf Thi* rork |»ro«ienta in man% rroperU a itroAg 
contract to tin- iitwlmirath It m dull grron to 

yollov in Colour, ami w» 1! ntrat»rt«d, luring markrtl h) the inter* 
atrotihcttfi vn of finer !ai*ra. ami paiwing dttwn info a Iwmd of 
jirhhl) nand^^one. a hsrh rt^U immidtatrly on the luoNtlf C#h lU 
0 (»nij«o»r!»t ar» lh<»r'»tighly tratrrworn. ranging up ti> <1 

inrhra or exen ni*»r* in H*;f itn inoat di«finrft\e rharartor 

lir« tn the n.xMire uf jf* |k ln*tca({ of tH»n«ii«ttng mainly of 

Tolcanic fii it #"''!'■» N, half* ihntMt all firon tran*|»r»rtfd for 

aomr 'rh»'i tfi< I'lde ntoiMdatiC fragment* of Torrulofi 

K»iid*f»oo. gr.ei**. «whj#t«,. i'nt*. ami *‘fh»T riM*l« bke tho»e tn Hum 
and Wt-^tirtt Iiiin rru*A No h rw-k* r»ul »« #ifi* m (*anna. 

Tlie f»oar»-*l lra<t of 1* iri lon SamUt oo* i* tn littiii, al***nt I milea Ut 
the r(V*t ward. Itiif tlo- po»< « « t.f ««r hi*t atid epidotit' grtt, hkr the rvM-ka 
«»f the Highland#. nni*t hfiv« at milea. 

It i* irni^'Tfrtnf !*» oh*if.e th-it a!) th»'*«’ tran«j»»rte«l afnnrw 
indi*''»te .1 dortv it on fr»(m # >rne •*oiir»o lying to the ea^taard of 
i'aiina. ‘Do' eudenr#* tfi thin r» *j»» 't .igrnea with that ftirnukhed hy 
t)je »jnfien! rtvi f gravid nitder fh« pit^ hitorie «»f the S^uir of Higgr 
It la riear that th» w itera ahodi foumi their wa) at r‘*** the lara-' 
field* of thi* j«irt of tlo' Intjor Ifid»nf!o<» h»ok their ri»»f* among the 
fn<»nntatna of Iftyrmi Mi *hire. 

T)te ronglofio rate now d»*irri>*e*l i* from to '»<« fr»et thtrk. It 
ran 1>«* followed alof>g the fae<i of the tJiffi* fur more than a mile on 
the northern *ide of ('anna. I-^w* peraiwii'iit or» the w»ulh*'ni aide, ita 
outcTiifp *fnkea fr»im the idge <if the priM-ipn e inland, k»#eping li> 
the touth rd the top «»f ( Vmipaa* lidh It i» well aeen in tlie ravine 
aliovr the C'oroghon. hut ranro^t tie hdlowt^l farther weatwanl 
among the l«ta*alt'terratew. Yet, though thi* atralithd interndatioti 
ta not traceahle ^er\ far a» a Imrid of c^mglornerate, the aame atrati- 
grapHirm] honron t» prohahly iiidieaf«d elaewhere hr «tther ktnda 
of aedimontary dej^maiu, to wliieh further referetire will Iw made in 
the aefiuel. 

The aertioA now dtweriVjod e«itabltahiw the eiiatriirr of at leaai 
two aoeocMMtrr pUtfomi* of eofiglomrrate in the volranie aeriea^ 
Frdlowtog th«we plaiforma *lnng their ouUron, we obtain additional 
light on their cihgin, and on the Uipofprmphiral condittona Aoder 
which they were depoattiM!, and we learn further that other pm- 
loi^^ tntrrraU, which were lilurwiae marked by iotercalalioAa nf 
aedkmcotary materiah orenmd In the otttpouring rd the baaalto. 
Takisg im the lower cottfloiiHmte of CompoM HtU and tmdof 

2b 2 
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it wmtwaid, we 5nd that it forma the dcpreaaion in which the 
•heltmd inlet of Canna Harbour lies. It ia exposed along the 
ahorea and aiao in the islands endoeed within the same bay. But 
it ta not traceable farther west, poaaibly bocauae it seema to sink 
beneatii the level of the aea. To the aouth-eaat, though it ia tbore 
likewise tor the greater fiart conc-ealcd under the waves, it rises above 
them in one or two |iarU of the coast-line of Sanday, |)articularly 
at tho Uatnh Huadh or Red Cave, and likew ise on a surf-beaten 
skeny ofl Ceaiin an Kilein, the highest part of the Sunday cliffs— a 
diiUncf? of alK>ut 1 j mile from Compass Hill. Throughout this 
sjNKre It retains its remark ably coarse character, and is mainly made 
up of Volcanic material. 

Ihe nutnerous sections exj>osc*d in Canna ilarl>our enable os to 
study the coni|K*siti«n and local variations of this curious deposit. 
On U»e northern side of Uie basin, while the lowrer part of the 
iMHlimentar}* senes csoiitinues to bt* an exaMdingly coarse volcanic 
conglomerate, it paiMws upwanl into finer congiorai'rates, tuffs, and 
shales. In front of (*aiina House the imlK^ldwl blocks arc of large 
siie, cK-casiotially as much as <1 or 1 t(x*t in diameter. They are 
still more gigantic on Kileaii a’ Rhaird, where I found one to 
contain Ifiti eubic fei'l in the cximskhI pari, the rest Is^ng still 
imliodded in Uie matrix. As lhe> are generally s<imew hat rounded, 
here and Uiere markinlly so, most of lh«<‘ stout's luive probably 
undergone a eertain amount of uttrition in water. Tlie great 
in^jonly of Ibeiii, and eertainl) all tbo-w* fit krgiT sue, are piec<w 
of basalt, dokritc, audeaite, re<! U»le, etc. .\rnong them huge 
blocks ol amjgtlaloid and txiann^h vtwieuUr lava are s^iecially 
abundant, hkmic of look like pn^t^s of slag torn from the 

up^ier surface of lava-streams ; t»lhers, di^pla\ing a higbh vcaicular 
centre and a chwe granted f»uter crust, are suggf>tive of Isimlts. 
It IS inlerestiiig to not<' here again that the am^gtialuidnl bliirks 
|ireeenl their leohtic infiltrations mj pn'insrli like ih««#<» of the 
amygdaloids of the plateaux, that it. s«*«*nvs rt^asouable Ui suppose 
Uie oarbonale of lime, wsdites. etc. to ba^r k'en introduced before 
the Mocks were imbedded m the conglomerate. 

llie whole iis|ic>ct of this de{»osit is enunmtly vobaiiic. It bioks 
like a vast sheet of lava fragments swept away from one or more 
cones of alags and cinders, or from the rugged surfai't' of a la va- 
st rvotu. Where the vestcltw were still eiu^4), the large boulders 
could be more eaatly iwe|it along b\ moving water. Rut a poweffaJ 
ourrrnt must have been iietHlcd !«» traoi*(>ori and wear down into 
more or less rounded ftorms Um ks of lauic Uva, many of which 
must weigh aeverml tuna. The large block on Kilrmn a* Ithaird, 
for instance, prohahl) exceeds I. tons in weight. 

Bestidsa the obvim^y Tolcwnir contents of the cottgloinermte there 
oeeur here also, aa in the iompass Hill clitla, abundant pieces of 
Torridon tkndatona. These stones are noishly smallev in saas and 
more perleoily wrmtarwom and even pidiabed than the Mocks of 
lava. Obviously thej have travelled Either and have anderyono 
mom pmlimirid atthuon. 

The malhx of tim fodk ootisisu eeseatially of the toe detritaa of 
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bmc Urmn, |m>WMT with troe Tnlcmntf Tlir ikmumt 

piuix dtt^ay itnty tii€» ff>rhk«t itidimtion of •tmliAMitioii ; itidood, 
tn A limitrd txpmuTT the mi|rht bo iTfr»rd«d «• m lumitlhsottt 
aipriotncrmUk But thr mxniirr in which tho dopcwit l» intoradntod 
with, nod mmtiimr* ororlini. imwn lutlii amt nhalco, toftrthor with 
thr watrrwnm nmdition «f itn iitonc*. nhowa that it haa not boon 
accumuUtrt! in « Tah^nir chimney, but haa bron thrown down by 
•«>mr |>owrrful bc^ty ot water, with prolwbJy the r«»-0|H!*Talion of 
ToJranir ib^rharirrvi. 

Whth thr of thr c<*njfh»mrratr MiitVIrra to indtrato 

that tt OAi* arrumtiUfinl at a timr whrn aomr tcdratio waa aciito 
in thr immtHlutr niMtfht**Mjrh<HM!. ••mirnlarly cN»nviiirtn|f pn*ofa of tho 
wufk of ih»« Vent »rr ir» t>«» m’rii in thr fnm t»r iiitrrraljt«»d ahoeda 
of Ura TJrj* on KiJran n Bhairi! thr tioittflrra of thr r«»n|flom0fat>0 
arr nrrrlain and wra|*|«^J round he « ithrrt of nidrlv pfiamatio 
tuMiah, aith lm«'« of vt'^nlri* arrcinifrct in thr dirrrtion «f iho 
tH*ddtii|r A •irniUr rriation can tw* trarernt ntoriir Ihr t»rarh tirlwiwn 
C'anna Ho«*r anr! thr jnrr.ahrrr nurmwirr chrrta of haaalt 

havr f!o»t»d orrr tlir csinjrhtmrrAtr iM'r f||f, HI. ji, lirtl \. 

Hut , <• 'irnr voU'nnir cirlr;tuic. thr Af'diiiirtit nrx* |ilittfortn 

rrnrr*rnt»^i h\ thr li>wrr rtniirlc*mrraf r cif (*omt>aa» Hill incltidaa 
othrr drj'-»*jU uf ahich jf<»«i*d »rrti<»ii«i fna\ l»r rtamtnrd all round 
C'^icnria H trh-Mjf fin*'. wrlJ •trutiftrd, dull jffrrn tuff |maa bv 

an aclniixtfirr rf |i«dddr'a int<» finr .’i»>.hi r4*n;:l»»mrrnlr <»r jirbhlv aani^- 
alottr. and by fin if rn-fou- in thr |«rf»fw»i1iori **t fhrir flnr drirttu* 
into r.dffinir fiind*tonr nncl finr <ihnlrii. Thr «ihalr« ^nry from a 
fwlr jfrry or whitr fun*- jnto h|i('ki«h jfrrv, hrown. and Mack. 
Thrv arr aril and an* frc'cpirtttiv infrrlravi’d with laycra 

of finr tuff. Tbn durkrr harid» arr « afU»ri«rroii«. and am not in- 
frr<iurntl\ full of jJl pfr’^rf'ird ^r^i'rtnt mn. Indrr«h Iravra and atonta 
in a rathrr maorratrcl condition ar» of rommon orfurrrnrr in all the 
ahal> la;irr». Hrrr and thrrr, cwj>fv^ial{y in aomr a»hy ahalra in 
front of ( anna I rd)«w»rvrd a rr* o^jfii/ahlr St-fwtui, The 

tnudat<4nc^ arr dull srtt'C'n, {fraifoM. •hnltrry' r<»<k« r<»rnfr>*Marl ijf 

flfir Tuhanir drfritti*. and jcaaii l»c»th laterally and %rrtirallv Inin 
ahalra, luffa, ^rnl fv»njflf»m<'r afr*». Thr^ nn;fjfr«it »h<»wrr«i of dnc 
du^it fif atrr;irfi» of Vf»lrani*' mud, Tliey, t^K*, rontaifi frajrmc^iilary 
filanU 

It II a note wffrthy fart , whirh mferenrr ha* .»lfrf|/|\ In'rii fnada, 

that thr <M*»limrntary‘ int^Tc alutirmw anjonsf ?hr f'aniin tM*»alt* 
ailc rixl upward in < art»fmar»’ou* lihalra or c**»tily Htrni, ^Pbr atroiijl 
curr»*rita and oterflow* of water, who.h rollecj atnl ciprca/l out thd 
coanw maten*!* of the roiis^lomeraten, g’arr may to quirt rf eonditintui 
that allowwl atlf and mud ifathrr oref the waterdioitfim. while 
b'^arem atwd either fra^rtnenU of rrifriation were Mown of waabnd 
into thrmr quirt fraehea, f*oo#! illtifttratbm* of thi* •rqumew tn the 
ea*r ‘if iKe lowest crm|tlomermte-gone of Hanna may hr atudted along 
the idiorwi of .Sunday, from the f atholir fbafpej matwafd, TBo 
ftnc pebbly «afHl»t/mea, titffa, and abak*. which tlirra ofifflio tllO 
oonm coniebiCBerutc, are attnnoonted liy dark brown of black 
ocrbottacaoua ahak with knUclot of maited rogataiiott that p$m 
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into isipufo oonl. Immrdiatoly ororlying thb co«ly layer lies a 
ilieei of priitmaUt ToiicuUr haMUi, followed by another with an 
excoediiigly alagfO' texture. 

Lonticloi of nhale and mudatone likewijie occur in the heart of 
the finer f>arU of Ute conglomerate*, eapecially towards the top, aa 
may he aeeii in the section ex(»oaed beneath the basalt behind the 
first e^^ttagv* went from C'^nna Ilouae. One of the most intercat;ng 
layoni in this section is a M;am of tuff %'ar)ing up U» about 2 
trieliea in thiekiicwi, whi<b li«*s at the top of the Imticular band of 
tuffs and shales, and imnicdiatelt !«eiieath the hand of basalt* 
eonglonuTate, on wbi< h a Itaanlt, carr\inir h vfsirular hand near its 
bottom, rimts. TrTi<.4*<t luti raJl}, the dtrk hiown tutf oi this »4*ain 
gradually |iaaaea into a iM*rieii of nmndod U>di«« and fattened ahelU 
com|SNHHl 6f a oolourleas mineral which has evident!) lieeii deveiofiod 
in fiiu after the deposition of the tuff. Mr. Marker** notes on Uun 
•liecw made from this band are a* follows : — 

‘'lliui is a rusty brown, dulUhKiking ruck, rather soft and sci'miiigly 
light, but Uxi absorbent to |K*rmtt <»f its siK^cifir gravit) Iwung tested. 
The dark brown mass is in gn^ut part studded witii little spberoidul 
bodies, to inch in diameter, of |»aler colour, but the larger ones 
having a dark nucleus. In c»th<‘r {mtls larger flat IkmIkw liave 1 m<cii 
formed, as if by the roules4ene4> of the spheroids, extending aa 
iiifonsiant Imnds in the dirt‘etioii of Utnin.ition for {HThat*s j inch, 
with n thtoklit*ss iif inch or less. Tin- aplMaratux* is that of a 
spherulitic rather than an oohtu structure. 

* A slice ( ttfh'i*' A I shtfws the general mass of tlie ns k to U‘ of aix 
extn*iiiely fiiieh divithd hut ixdiereiit utilistaru* of !>rown colour, 
which can man'ely \m' <»ther than h fine Mdeaiue dust ioiu|s*scd of 
minute |)artici«>s of btuue glass t»r * {kitlagtuaU ’ totu|«a( i4<«i ti^ethor. 
Keattered through this are fnigm«'nts of i ryslxU rr** ogm/aiiie as 
trielinie and iierhaps muniH'Uin< ffU|Mir, gri*4 n hornhli nde, augite, 
olivine t?>, and magiietito, usuuil) quite Innh. 

* llie cunous spherouUl and ehmgated grt*wihs nln^ady uieniioned 

an' heftier se«‘ii in another slide s . wh» r» lhe\ ck'i upy the 

larger part of the field, leaving muI) an int<'rd.it}al framework of 
the brown matrix. The suWtaiox of the little spheroids IS clear, 
oolourless, and api>an'ntl\ struct urele^-* ll.e centn' is t>lten 
pied by an irrrgularl) strlUtc |MiU h of hrow'o cohiur. and sofuetim**s 
cracks tend to run in radiaUng fashion, hut fh«'»e are the only 
indications of radial structure. The tniter Umndary i# sharydy 
dofined, and whore the slice t* shattertsl the spheroids have separated 
flvun the matrix. The matrix i» darker than in the normal ruck* 


bsing obacursd by iron oxide which wr may ootnesuve a* having hfSHS 
expidkid fhim Uio spaoo* tMceupud by the sphcmids. The litUo 
eiy stal-fragnionts arw oncloaed m tin s|>heruids os well os in the 


matrix, hut therw is no appearanceof their having s«*rT4d ss starting* 
potota for radiate growtl^ The fiat ebrngated U»dicw are like tha 
•pliefoida, with me^y the modifioatiuns implied in theiir different 


•phefoid 

alMUw. 


tdsnUty of lb# dear oulourlras substafios 1 


Si lo be ratlmr 
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doobtfuL It i« rciiMbly irotrofMO, ond of rctlhM>tifO power dintinoUv 
lowfr tboii tboi o( frkpor^ Tboro ohormclom would oitriw with 
oiiAlctiiir, which m not utiknowu »• • ooitUot^mtitOful ; but it ki 
diAcult to mtdrmuud how ott^cimo. prttt 11 Itmo-booring rarioty 
like thAt i*( rU^ Ne^TiU.‘ wuhl t>e formed iti obundanoe from 
polagonttic matenal. An ahertifttive utippootUfm, perlmpa more 
prtdwhle, u that the rleAt i^aVtAiue i» « moditieit from iU 

funnrr tiaturv )i\ the e\puUiim of the iron oxide into 

the rraunniug iiiAtru. A C'tiitijmriAnn i« of once iiU|Q(eotod with 
eertain t\}o'« of * knotf tiochu fer/ hut rivK{¥H'tiitg the themial fneta- 
morphum of tine vulcootc tutlo Uiere MH'ni» to be lit tie or no direot 
mfortUAtion.* 

l/»ntu'uUr ntU*r»triitihcott»»ti« of Ah.ilc and mtidAtime make their 
apfo*^arai\« t eien in 111 *' ixmrH'f |t>iurt« of the i'«>!iglomeratet ao may be 
ol>i*erv#d on th** 

brat hi H’htw I aiitia Fig. 4 ««/(•««'/ »>«f 4 04i«//*fti»ee(tf/ dm/ 

lloiiie a heft , no ahttU Sho$t ( ttn»*4i //aMoe. 

•htiwn m hg. Iti, 

•otne ohal**** , 111(1 
tuffi full of lU- 
dehtled h'Alia 4re 
furmuurited hi a 
c^Mfse cough •({>«* 

mte, Tlic th 

turn 4»f thi» oii*r 
liing b( <1 <»t 

Umhh’rii hai* gt w u 
rm*' to fH*(n( •* '4'>|r- 
ing out 0 } th<’ fitter 
etrata uteleriKMlh. 
hul*«n|U('fitl\ Uith lh(* (onglofiieialr and the iihalrN havr lieen orer* 
upread h\ I «»! thdente, ihr iilagg) liotioin of which liaa 

ploughed lU aa) through !h»m. 

IWore di*(uuMirig tin* prof*ahl« ronihtioim under wheh the grmip 
of aeditiK nfur\ de|»<MiitA iiua dea* riU’d waa formed, we may iHili- 
Yenienli) foiloa the upjirr * onghiOM rale hand of ( otfi(iaa*i Hill and 
HfHr the iraruti<»ii«k ui *iiru*ture and * om{j<jiiitiofi ahich ila nul- 
carop prriM'nU. 

Thia leilowuh (Mtiglomerafe (an le* trared ah»i»g lh» rlidit for 
SKwe tluin a mih\ when it do** end* Itee/w tlie #ra 1* vri at the 
aohtary ttaik of liod an M*d. \ fear hun'lre*! \*rd* firther weat^ 
what tft prrdaatdy the tame band apjtear* again at ih*' l*a*e of the 
precipKc oierUiti by prutmattr fiatialt* Hut th* rongiom*^ rate, here 
oniy Isfl ferl ihw k, t« tuadi* of much finer ditrilu* which, UrK«ly 
eompoerd of volrann maUrnal, imlmle** amaJh wi'.l rounded ana 
poliahcd prbbUa of 'I orridoii naiKiatofie. iS* neath it lice a bed of 

> fl/mdoa. TraiM ( emb Khd H* 4 < «ol t { p Hafker. Oeoh 
Vaf p 414 Ifr W W H atu maymlti a ortftp*cwoe euh Ihe keiaipiaal 
hadwi tfioml by Mr Utmrkum m m aiimt frm fll4rl<agiimi» 

Oeart. 4oem. OmiL Ooc. t«g h. (MWO; p. 4liH. 
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i iliaJ#, wtUn rmmiis of pUnte, rmUng unmedUteij on # leoHlie 
•njgdilold whidb plangot into tb# mu The chief iotereet of this 
locmlity U to he found in the ehale which« inetesd of appearing at 
the top of tbr nedimentary atracifieation, liea at the bottom. 1 waa 
informed hr Mr. A. Thom that learea had been obtained fhmi thia 
shale, but i wm not aucoeaaful in my aearch for them. The loeahty 
ia only aeci^ible by b(»at, and, aa the ooaat is fully exposed to th# 
Atlantic awell, landing at the place ia uaually difficult and often 
impoaatble. 

About 1 j mile still farther west, where s foreshore fronts the 
preci|iioe of Kamagresm at the Camas Tharhemith, a band of 
intercalated aediroentar)' material underlies the great eecarpment 
of Imaalts^and rests upon the slaggy sheet with the singular *aa* 
surface already referred to. This band not imprehahly ocnipies the 
same platform as the upper oonglomerate of Comfiaiui Hill. It is 
only about 7 ff*et thick, the lower 4 feet consisting of a dull g re en 
pebbly tuff or ashy sandstone, with small rounded pieces of Torridofi 
Handsione, while the up|*er M fwt are formal of dark shale with 
crowded but indistinct it^mains of plants. Here the mon> usual 
order in the sequence of deposition is restored. The shale is in- 
duratod and ahatiery, so that no slabs can Ite extracti^d without the 
use of qttarrying-t4>oLs. 

lUther less thiiii j mile towards the south, on the roadside at 
the guDy of Cul tmm Marhh, the basalts rtichoe s sedimentary 
interstratification which not imfurobahly lies on the same horixon as 
tluise just descrilied along the northern shnrt\ The relAtionsof the 
rocks at this Uxality are shown in ftg. 1 7. .\ remarkably slaggy 

basalt (ft) rism into a 

hummock against which Fig. 17 . — SrrftoH o/ $Kalew. ® 

Cf?Hifrrr>i*s gtomft tytnfj ftSO 

ftne granular tuffs (f'K t'w/ noM CVrasMi. 

whereof only a few 
inches are risihle« that 
pass up into a thin hand 
of dark shale trv, includ- 
ing a layer of |>ehhl\ fer- 
mginous tuff, with small 
rountkd 

of basalt, haste ^ 
bole, limonite, cte. At the top of this shale an irregular parting of 
eoaly maUffial Uf) lire immetliately under the slaggy ha!^ of the 
succeeding baaalt tr). It wilt 1 h» ohsrrreii that this upper lira eols 
out the shale and thus cotnes to rtwt dmrtly U|M>n the lower sheet. 
At the point where it begins to deaecm) it has caught tip and enclosed 
a small tree-stump (<f 1 which stands upnghc on the coaly parting 
and shale. This stum|s at the time of my risit, measured 5 inches 
in height by 3 inches in hrradih ; tt had been thoroughly charred 
and wm crumbling away on exposure, hut among tbe pieecs which 
1 took hum it sufficient trace of structure can he detected with ths 
mierooeiipe to show the tree to hare been a eonifer. 




l>tji HAir»4f. {from « pboCofraph ^ Ilia* Taoii, of Conna.) 
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We hare here enoCher ioKtence of the dejiMtioa of Tokvuiio dml 
•ad 6ae mud in • pool that filled a hollow to the lava^ficdd. Again 
we aee that the doeing act of nedimentation war the waabing of 
▼igetahle matter into the pool, which war finall3r buried under 
another outfiow of baaalt . 

It ia on the ton them cneat of the talc of Sunday that the higher 
intercalationa of sedimentary materia! among the baaalte are moat 
inatructtvcly diaplayed. At the eastern end of this taland^ aa already 
aUted, the loaest and CLKimest conglomermte \* risible on a ekerry 
immediately south of the headUtid of (Vann an Kilein. It dooH^ 
leaa underlies the Sanday cliffs, hut is ntU U^ert* risible, for Uie 
lieaalta descend below sea-lerel. Those roleantr sheets hare a alt|tht 
inclination westwanl ; honre as we prtKH'tsl in that dijeciioti we 
irradually into higher |»arts of the In tlie Creeg nam 

Faotleann (Searaews* ('ntgi and the gully that cuts its eastern end, 
likewise in the two singularly pietures«pic sfneks of I bin M«Vr and 
IKin lleog < Hig and Little (#ull Ihsks). w hie h ht«re rise from the 
foreahorr. t wo distinet {datfomts of detrita! mnterijt! may l»e noticed 
among the Kisalts. Kuh of thcsie ran Is* well sis'll on l)»in JIAr, 
which IS repnau nteil in 1*1. XV II. 'llie lower hand, 4 or 5 feet 
thick, is here a rather en«nw' eongh»inerate, which liew ufHni a sheet 
of seonaeenus hasalt that c\ tends up f<» the hnse of the ('reag nam 
Faoileann. It is directly overlain b\ another hasalt, alxMil »*M> foot 
thick, which di|»s si’award and forms a l»n»ad sheUtrig |i)atfona, 
where<ifi the tides tim* and fall. On tins stuck a second roaiwe 
conglomerate, nlsoit l<» fe«'t thi* k. forms n rnnspirttotis liand alwiut 
a thini fd the lieight from the lK»ttom : it is com|smi^l mainly of 
well-mundrsl Mis ks of various lavas up to I*' inches or more in 
diameter, hut it <otitan»s aUo pieces of 'f orndon Satii|si#»nr. It ia 
4rover«’y| hs al*«»ut *»»» fc*'t of liasnlt. which NiWiirds the hase is wimo- 
what regularU colunimr. hut p.iss*w upward into the wav\, starch* 
like, prumiatic strucfur«\ 

If now we mice lliesr two irifercalntcsj zr>nes of conglomerate 
nlong the shore, we find that they l»oth rapidly change their charac* 
ters and dfsap|»ear. ‘I’lie lower, though formcfl of coarse deiritua 
nnder the hun M«»r, pisses on the opjurisiie ehff, m a sfince of not more 
than tU» yards, into tine tuff and shale, alsmt fl fr<f fhok. which 
Viorome earl*ona/*e*»us at the top, where the\ are overlain hy (he next 
basalt. A huudnd yards fo the east the hand likewise mnsista of 
tuffs and ash\ shales, which under lie the hasalts ott the Itiin 
and again show the usual roal% Inters at the top. ( (11 the eastern aide 
of the gully in the af>out PWi yards north-east of Iliin MAr, 

the same band is rerlurevt to not mort’ than 'i feri tn thickiHMi, 
ooDs&stmg rhiefiv of fine ronglonofafe. wherem welt waterwom 
pebliles of Tomdon Handsome and epiihgie gnt apfiivar among iha 
pre^lomifiant volcanic detntus This conglomerate ts suriitmifitad by 
a few torhaa of dark eart«4»aeeo«is mudstone or shale. lUmgh alaggy 
haaalU lie ahfive and be|*rtr the hand. 

TW upper eonglomirrafe dies out, Imth eastwarri and waatirafdf 
in ihr cliff oppovtte th« thin kfor, dwtiuUmg down at laiff to 
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nerety a few pebble* between the baemlu. It lie* in n kind of 
ebntitiel or boUow among tbeec Iatm^ which in an eeet-nnd*weai 
diieeiioD cannot be more than about <15 yard« broad. 

rrobably *tilJ higher in the aerieii of baaaita in another interoalar 
lion of iMrdinientar}' layer* which may be aeon in the little bay to 
the ea»t of Tallabric, rather mort* than a mile to the weet of the 
Creag nam Faoileann. It rent* o]>on a coaraely »iaggy amygdaloid, 
and ia from Ui 10 fc*<rt in tiiickncwa. The lower and larger part 
of the de}K»«tt (oriaiaU of greeninh pebbly ^andictone and fine con- 
glomerate, largely com|xMw<l of baMltic dHritua, but including 
abundant welFamoothed and f»oltab<xl pebblra of Torridon Sandatooe, 
green grit, <|uarUite, etc. The atoniw vary from mere pea-like 
fM*bble« p[» to |tiec«^ 2 or H tnchtw long, the largcat being 
generally fragment* of alag and amygdaloid which are 1 m water- 
w*am than Uic aandaUinm and other foreign ingredienta. llie 
upiiermoat 2 or Ji feet of the tnlert^alaiinn coii]ii*t of dark carbon- 
aoeouii mudfitoiie or ahale, nitirle up iii I«*irge meaeure of roloanic 
detritua, whirb may bu%e U'en derivod {«rtl) from eniptiona of 
fine dual, partly from aubarrial diaintegration of the t>aaait-aheeta. 
Htimo la) era of thtwe finer atrata are full of remain* of much 
maceratod pUnt*. 

tHher tbui r(»al\ interralatoiru hare lieen oliaerred among the 
baaaita of (‘anna, aotne of whtebma) mark *tiU higher hori- 

aotia (htai tltoae iinw d«-orn)M'd. liut, i^>ntining our atM'tttion to the 
regular af'tiut i»e<‘ uf inter ralat nut* e3i|h Min'd alvug Uie Sanday coaat, wo 
find at lra*t tour tliMttnrt j intbomaof tut* r*tratiti(d aed t in ent among 
the plateau imu.ih* t»f thm (h^trut. Ka* h t>f tbeM' mark* a longer 
or ahurtor intrr>al in tlie outdow of and |MnuU to the action 

of moving Water o%er thr *urfu«e of the lava fie Ida. 

We may now cftnaider the pr\d>able wnditnm* under which thia 
iiitenrt iitiou of ai)UiH>u» aetnm Unth. place, llie idea that the aea 
had anything to do with theae eonglomerate*, F»aiid*loiiea, and ahale* 
may lie •ummanly diAmi*«cMl frf»iii ctumideration. 7 he evidence that 
the baaalt-eruptum* U»ok |>lare <»ii a tem'Miiai muriate t* entindy 
couTinctng, and g«xdt>gt*t^ are now agn'<d uj»on thn» cjmwtion. 

KxelutUltg tnaritie artitm, we have to chuo**' among form* of 
frwah water- Wtween Ukt# on the one hand and nver* on the other. 
That the agt'ncy emuerned in the tran)»|»on and dejM>*ii»ou of Iheae 
alrata waa tliat of a nv^f ma\ confident!) concluded on the 
following ground* r 

1. The large *iie and ndhd •lia|i<w of the lioulder* in the oiMi- 
glomorat«w. To nieie hKxk* ftcvcrml Urn* in weight, and not only 
to more them but to wear them tutu mure or lea* ruuuded Iona*, 
mual bare rtH|iiired the u|»rratioii oi »trong current* of water. 
The ooaiwe detriin* intrrvalaicd among the Imaalu i* (|atU' comparmhl* 
to the ahingle of a modern nver. which deacetid* with rapidity and 
in ample volume from a range td hilU. 

2. The ewidenee that the matenaU of the runglomeratew are not 
entirely local, hut include a marked proporUou of foreign « o n ia^ 



8S(^ 


IToL 5a.] EUAt.T^PtJiTKAirx or iroKni-wiwnuut ftvtors. 

rbo of trmiiit(H»rt orr admirably oxhibitod by tbe piooot of 

rorridan 8on(Utotio» epidotic grit, quaurtxito. and otber bard rooka* 
lono of wbicb occur iw situ oaccpt at nomc distanoo from Catina. 
rbcae •toooii art often not merely rounded, but ao woU amooibed 
md polished aa to fdiow that tbey muat bare bton roUod along for 
mne conaidtrable time in water. 

The lenUcular character and rapid lithologioal rariationa of 
iio airata. bi>ih laterally and vertically. The ooar«o conglomoratoa 
lie out Uiey are folio wihI along tbeir outcrop and fiaiui into finer 
lediCDeot. They aet^m to occur in irregular banka, which may not 
tie more than :f<H> f<^t br^iad. like the ahiiigle- banka of a riror. 
rbe coam^r acvliment generally lice in the lower |iart of the aodi» 
mentar) grtiup. Itut cuium may l>e ohat'rvtHl, auch aa thal ahown in 
&g. l(i. p. ;i4U, where the tine ae<iiment laid down u|K>n tnc bottom 
conglomerate baa aubatMjueiitly overtpread by an nUior inroad of 

soanie abingle. Such allernatiuna are not difhcult tti underalatid, if 
Lbcy are looked upon aa tndicaUng t he aueetwiure tlcKala and i|uieior 
mtenrala of a river. 

For thiee reaaona 1 ri'gard the platfomia of aedtmenlary matc^rtal 
intercalated among the liaaalta of C'aiiiia and Sanilai aa the ■ue<'oaaive 
tfood-plaina of a M%er which, like the rivem ihnt traverw the lava* 
liwerta of Icelattd, HowihI |ierhn{ta tn many Mqiar^te clmtiriela aeroaa 
ibe baaall'tirlda of the Inner Hebrid*w and wan liable u» have tU otiurao 
ihifted from lime U» lime by freah vuleante eruption*. 'Dial thia 
nvor came from the eaat or tiorib'eajit and had it« *ouri'*« among ibo 
woaterit highUnda of Inveriieaa-ahtre may Ih» infemnl fnuii the naturo 
Ilf the atoiH-* which it hiia earhtMl f«»r nub’« or more along lU lad. 
And that it rroaaed in lU wurm' the lra« I i*f Torndoii SomUtoite, 
of which a |Mirtion mIiU remain* in iCum. i* manife*i from Uie 
abundance of the fragment* of thal forrnatnui in the (Hniglomefatea, 

\t'iUi the remarkable ea^epiion of tbe imh tion on l>un fbwg. tu lie 
immediately ri‘frrre<i to. no trace of ani ero«liM| rbannel of tbia 
river through the lavaa of the great ^ulcaUH plain ha* l»ren preaervefl. 
Foaaibly frivpimt invaauiii* of it« br<i by *tream« of iNmalt from 
different Tent* binderid it from remaining long eitoiigfj m one entir»e 
Lo erode anything like a gorge or ramm. liut, in un\ eaae, the main 
ehannel of the river probahly lay rather to the ra*l of the pnwrtit 
ialanda of Canna and Sanday. on ground wbtcb i* now e4>Trrnd by 
the oea. The Ijanka or *herU id ljouider-<*ongiomerale undouUedly 
*how when? iu current «we(g with gri*at forre ijrver the lava^ldaitt^ 
but the manner in which theae foar*«'r inateriabi are mt often csovered 
with fine *iU auggeat* that the aiviitnenUry matenahi m>w riaihin 
were defioaited rather on tbe low grouml* o%rr which the aimam 
ntabed in itmee of flooil. l*ooU of water would often im Utfi after 
luck inondaimfMi. and in tbeae deprenamn* ailt wmild gradually 
aecttmuiatc, partly carried in auafienamn by tlie neer, fiartly waabad 
in by rain, while drift-wood that fimml lU way tfiU» ibeae nddlea, 
and icavea blown into them from the tmw and abrulia erf tbe atir- 
ruunding country, would remain for mms time afloat, and would 
be the laai of Iba doinUia to atnk to tbo bottom, fienee, no doitbit 
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the imriEmEeBoiiB ebarmcter of the hardened tilt in the upper put of 
eaeh interoalation of tedimenl. 

If we were to look upon the volcanic materialt in the ood- 
|(lomeratee at dcfrived from the tnhaerial ditintegration of the fteUa 
d baaalt, we thould compelled to admit a very large amoont of 
erotion of the turfaoe of the volcanic plain during the period when 
the river flowed over that tract. It would be neceaaan’ to tuppoae 
not only that there was a conitiderahle rainfall, hot that the dif* 
fereneea of temperature, either from day to night or from tummer 
to winter, were to gftwt at U* uplit up the lavat at the aurface in 
order to pmvide the river with the hln<'kii which it haa rollid into 
rounded boulder*, I do not think, however, that auch a deduction 
would lie Y’und. If we cc>m|»are the materiala that have filled np 
the eruptive vent at the ea<rrn end of (*anna with the gnwt majority 
of the hlorka in the coam^* e<tnglomerate«i, m’c cannot fail to note 
their atrong rewinhUnee ithundance of lum|Ki of alaggy lava 

in the river-ahingle ♦ orrc<»|w»fida with their prfdominaiiee in the 
agglomerate of the vent. Tfo- Uoihler* of lianalt. dolerite, and 
aiidemie which rr<iwd the c<»n;:lomerat#*a lo'^d not have Iwvn derind 
fnim the action of atnv^wphenr wai^te on the lava-fieldfi, hut might 
<|iiite well have U^en mainly supplied hy the demolition of one or 
more volcsante eonen of fragmental materiaU. 

That mirh haA rvttll> Uw-n the chief of the hhicka in the 

i'onglomerat^w I cannot d oiKt At the ea*U*m end f>f ('anna we 
actually detet't a volrann com |iarth wa»h«d down and <oerlaui hr a 
pile of nver Ahinjrle. Thrrt wrre prot»ah!y many »urh mnuml* of aiag 
and atoneii along line* of fiAAttr*' al! over the Uvadio ld<». The nvear 
in tU winding courwe might (H*me ii{M»n om cone after another, and 
during (imi** of fiinwl. or wh^n it.* watem hunit ihrou^jh any tem- 
|»tjriiry barrier rrrate<| volr mu- oiM^rationiK it would attack the 
alo|»e* of hwrtie maten.il nn<! Awe*'p their dotnlu* onward. At the 
name time, the current wnuild carry' forw ard ita itw n natural hurden 
of far tmiiAplaiiUd »4<dim«'nt. and hence on it# old HotMi pUma. buritd 
and |»rc»enHd under aheetv of ttaanlt, wr find alomdant p'bhlca of 
the old Hti:hland rrM'ka which it had U>rne acro«» thr whob* bri^adth 
<if the iHuudtic lowland. 

But the diwtructtoti of v»dcanu coti€*A wa^ prolwldy m*t tiie only 
aouree of the dHriCua that now form* the r*^nglomrnftt«w Canna 
and Kanday. I have »h«*wii that tbe»m* (H>nghrmerate» laterally 
into tu6», and an* fhuiu-tune* underUin. ^otnrtime* overlain, with 
aimtiar matenal. It t» *|uttc oh*i;»u* that their de|»rtairion waa 
oontemporaneoua with Vidcanic action in the tmmfxliate netghlioor- 
hood, and that at loaat |wvrt of their finer aedimcnt waa obtainod 
directly frara volcanic exjdt«(Uon». In wandering over the eoaat* 
ieetton* of three muarkaldy coaiwr depoAiU, ] have hern tmpTMad 
with the enormoua atre of many id the atonea, thrir rewefnhlaiKW to 
the i!;jacted Idoek* of the agglomerate and the diatiociinti that may 
aomeiimea be made with morv or Iom deamcaa hetwem their rakbrr 
angular forma and the more rounded and aomewhat watefwura 
aapad of Iha other houldafa. It maaa to me not tmprohaUa that 
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•QBic of tlio remarkably coarae maanra of unutratified oonflomoralo 
ia Caiuu Harbour coOAiitt largely ej««eied blockr fhun the adjaoeiit 
rant. 

The only inittance which I hare oWrved of eroaion of the bwalta 
roiiteiiiporatt«M>u» with thr o|>cnittoiis of the rtrer that spread out 
llii* coniElomerate is to U> found in the striking stack of Dhn Beafr 
already alludt^ to.^ Tliis extmonHnary monument of goolofricitt 
hiatory fomm an outlying oheliak which rises fh>m the pUtform of 
the shore s height of shout feet. Svn from the south-west 
it apfkenrs tt* ('i>ti!*ist entirely of lieildiM lvM«aU resting on some 
sirmtihed tuff and shale which intervene U^iwchmi ihtwe taras and 
that of the hnnsi |ilatfom) of haStiU on which the obelisk stands. 



a. ▼•n •Isiotv s/«ff*U3<*sUl fmsah. «/ 

ahalis smflufr ' # i^rt«mstK UmsIi 

r AhbOF sod ;umUsi bMsI&s 

Tbr floetsd LruM tmliost# tl « •u|?|)0«e(t fcmsi uf il»« 

On that side it presernu no sssentiaJ diffsrenre from the stnieiitrs 
of ** Mof tm the west, sate tliat the lower conglomemte of 

is here r«r|irKsent«^l by fine serltment. and the ttfffior 
waoUng. 'fbe geneml asptiet of this sofith-wasterii 

of mrt t* rm4»rrmi to bv Ifssntlli^rtb in biw sf Omusi, 

M in ut Af . :i tn hw wort slmJy rMsd Bat ssUhsr lus 
M aor bw drswmff eoatsy# at>| sbw of llw ml stfost yi s of tks root. 
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fhmt of Iboftack in shoim in PI. XVII]. If, however, we approodi 
the rock from the eoant -gully to the north, we form a very different 
imprenaioD of its ftirueturc. It then appears to consist chiefly of 
ootiidomrrates with a capping of basalt on the top. It is not until 
a chsw scrutiny ih made of the easU^m and western faces of the 
column that the true structure and history of this singular and 
striking piw of i<ipography liecomc* apparent. 

(Hi the eastern front the section represented in fig. 18, p. 367, is 
f^X|Ks*ed. At the liottom, forming the pediment of the column, lies a 
sheet of slaggy and vesicular or amygdaloidal Imsalt < 0 ), which shelves 
gently in a south-westerly dir*Ttion into the sea. The lowest band 
{h) ill the structure of the Ktack is a thin group of lilac, brown, and 
green ihal% and volcanic mudstone or tuff, which encloMW pit*oes of 
coniferous wood, and berimes markedly carlKmaceous in its upper- 
most layers. Almvc lhc*s** strata on the southern front comes the 
pile of lied ded basalts k) with their slaggy lower and upper surfaces. 
But as we follow thorn round the ea*it<»rn side we find them abruptly 
cut off by a mass of congloinerate (d). 'Fh.it the vertical junction- 
line is not a fault is sjM'<tlily nsc<Ttairiitl. llie lower platform of 
slaggy basalt runs on unbroken under lioth the shales and the cori- 
glomeraU'. lloreorer. the line of niin^ting of this r«>nglnmerate with 
the liasalts that overlie the shales is not a clean-cut straight wall, 
but displays projections and re>C4»ss<‘« of the ignt'^ms ro'ks round and 
mto which the tntifcnaU of the conglomerate have Is^en dcp>»it«*<i. 
'Phe liebWes mny b«* s#*en tllUng uj» little en vices, passing under over- 
hanging lr«lg»s «il Uk* basalts, and shurjdy truncating lines of scoria- 
reous structure in thejM- forks. Tlu same relations nmv b** ol>*erTtHi 
on the western front »»f the sta< k. There the aah\ shales an<l tufb 


are sharply rut out bs the conghmierBte which wra^w n>und and 


underlies a pn‘j<»eting I'ortiire 
of the slaggt' Uiitom of the 
liasalf that rests on the strati- 
fied luind (fig. IIM. 

llie eongloiuerale is rudely 
simtifted horisontalU, its biKl- 
ding being best sliown by 
oeeasional |iaiiings of gr««efitsh 
sandsUme. It eooststs of well- 
rounded, polished, and water - 
worn atones, chinlly of mem- 
bers of the volcanic series, — 
basalta, and doleriles, both 
compaet and amygdaloidal or 
iihm^, — but with a ootiii|iicuoits 
admixture of Torridon Sand- 
stone, gntdas, grey granite, grit, 
and dillsrail eoluats. The 


Fig. lb. Ktkhtnjtil srr/>o» OH thi 

Wf»trrn tniJt t>f tfu /)wii 



s. aasijiptaloid ; A, tuff . asbj •haWe , 
d. Uytr coaly slksW, c. smyg- 
da kad s l bsoites . /. coonlotasrsisL 


eoateaii part of the depoatl 

bai lowaitb the bottom, where the vokank blocks am 
timaa'6 and 8 feel in diameter. Some of Iheoe large 




Vtn tsui r«oii turn •arTtt*«E«r. 

(Froo s pbotogrmpb by llbt Tsoii, of Cmuu.) 



Quart Joam. fleoL Soc. ToL UL FL IVIIL 





iltir hAHtfAV, mmmM nwjM tmu vwittai. I ■« ifti^jii» or Hcm iji laiit utmtA^ictu 

^From a pboiosrmpb by MU* Taoa, ol C«ntiA.) 
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vof h«ft» ori|rifi«}|T fatlon tfrooi th# boMltr ofotniif whtoll Um 
^« oii|(lotiif>nitr DOW n«(ia»r#, Thr fitr*tniti«portcHt ttottrr oro dbo of 
€oiimd<*t«hl<r [>UHX)« <*( irr«tittr »nil fm|tii*nUy rJtooodiiiK 

m fbot to looi^. Thr irril>r«nuitl<H| «f foroiicii nmtorioU 

luTO b«oti wjuihrHi iuu> Um* thr Urgo Toloonte 

blookr. 

It in* I think, toVmU) th;%t thf« wiUI ('f hoAolt whioh 

ihir eoni:h'fncr%t<* ha^» U^rti Lud <h*w« i« iirn^ of ««r%««kott. Th# bMlr 
€»f hiiT<* h<^r»' h**on tr»‘H»'h*Hl h\ »otti<* iMfonf whtoh hA« Ukovito 

»coo|ir<lont th«> i^oft i;roior!yttv*: jkhaW. iin4 ovon « ul thrm dWiiy 
Un<l«r lh«^ir pr>*lrtninj? <'or<>r of hAAJtlt, ».• jthown m I*' ^ IW* 

Tiif*rr can fn' Utth' hr^ntittnoi ui rojrirtlinj; tht« a* » woU'f* 

roui>c whii'h for i%omr • ^muolrr %h|o itiirrval of ttmo ^«tt1tkn^fvl to cltg 
iu rhftfinrl through th»* hanl hiaaJtn Th^^rr i* ?n»! nH>fii nnotiith 
tirtWfN'n ih»' hii'.tit wall of thr I>un ami the o|>|i«Mtite ehlf» of the 

•hoiH* t o h«’r>' n t trae*' ih»« t« to mhoi) for any 

Liftfe iitry%')m to ha'o f 'Uti-l »t» . I tlo not^ thort*forr», «N;iiek to 

i4rntif\ th»i n'ln* of inrirtit aalofwray with the rhannei of 
the main rjtrr whioh the « ontfiomeralo-luiMlo «»f ('anna 

ami Sanla\ M ifr it wa» otthor a more lorretittal ehaam 

4»r a tnhutary 4rri-.tU5»i;j a tertaui ]mf \ of the voh amr |i}aloall 

and allowy’^l to rvlititt < hann# l h»riij onotij*h in lie ahle In orfKltt ti 
to a d^’pth (*f nearU .V» (•** *, K'n-i «ii ha I ri> ♦* IomI «h»a n throniirh lb«» 
underlvinfr tuff-* t*» th«’ h,i*kalt , hwt t**’|nry' it had made 

anv f>rt»irr*^** in that »h<'«t it«* njiefutm!.* wore hmujflit In an **nd 
at lhi*» l*K'aht\ h\ the tlf**-!' that tn lh< * nafw' **h»fii{le and 

bv the i»uh!w*«|uerii nify-am of hv»n)t. nf whu-h a mere onllung 
frairment now form** the thit*l of the *ia*\ \f in tiit 1 > 

The rapine or isul]\ *d the |>un IW ajc j»rob<ihl\ l i> w iihin reach of 
ih€* of the matfi nvf*r. a* Ih’ jnferro.1 from the numUr 

and aire of the far*trafi»*jerfi«ul k« i>» it« eoniflomerate, d'ha 
cotidttton« of deji'eitt if»n refnain«’i| hflie ehanijed rhirtiijt the ^vromM 
of Ailing ii|» With detntu»». that the largest htoek* «f rink 

weft^ awept int'i lh» rha*m in the earlier par! of il« hivtiiry. white 
sonrh smaller and more waterwom ‘wtiingte waa intnelurf^l towanU 
the rd^aK'. 

Ihnnudatiofi. whieti h*« ja rform*'*! •m h marveU m the tn|toKra|>|ty 
of the Went of N ofUnd •uO'-e nider Tertiary time, haa here ohlttefated 
rrery trace of thi* amuent gniiy. aar* the IttlJe fragfm-nt of one of 
the walla which •uraive* m the utaek t*f iKin Iteag. When tti the 
ooarae of emtuhea thia forliifi-iwiiie oliehiik ahall hare yieldetl to 
the action *4 the ebtneriia. the laat leaflet f»f one of the tmial 
ifkt4FmiUog ckuiptcra in the g«-^flrj>gtcaJ history of the Inner Ifeliridoa 
wrtll hare been dcatr^fied. 

Th« <|tic«Uoti natnrUfy an«ea. What wa* t>»e •tilaie«|nmit hiaiory 

the hirnr which ha* bdt m many rtvconla of tt« fliMeJa etiUiflilMd 
ninotig the baaalta «ff (’anna and ^wnday ? In {lartscmlaf, nan any 
noMCjiioii be traewd or pUnatUy runjertumd b^wem tl and ihn 
htvr-bad praaerrad omW the Hewir of Etgg? 

Im dmiuig with thia aabycci, though thw ondaoew b adfldHailljr 
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iCaatj, wa m not irft wholly to eonjocture. A muaderataoii ol 
tho ganorti i4>pogrm|»bicai footuns* of the wide regiofi of the Innei 
Hehridot, from the beiontiiog of the rolcaiiic period onward, will 
eottTiiioe that, in of the effeets of prolonged baealt-empcioiie, 
the per»u»tent riow of the drminege of thr WtaCem Highland* rnnet 
hare taken a woeterly din*€tiun. It was toward* the went that the 
low ground* lay. Tboogh the long and broad valley whkh 
utretchod northwards from Antnm bet ween the line of the Outer 
llelmdm and the NVe^t o! No^^tiand wa* gradually buruxi under a 
de|*th of or IV hh’ fvii of lav a, the %oleaiiM' platu that over- 

*|irea4 it |»rohahly mtinined even to th** end li>wer than the 
mountainous W<wtcrn IlighlandM. Hence the nvera, no matter 
bow constantly the) riisy ha%e liad their tied« filled up and may 
have Ijcen dnteii into new rhartml*. would ni'Verthelcsa alway* 
seek thetr way wevtw^trd into the Atlantic. 

On Oaona and Ninds) w e have the trar«»« of a river which poured 
ita fii>od-w*aleni acroes Uie lata-tieUim in that part of the volcanic 
rogtoii, while the t>aaiJt« were ^tlil from time to time streaming 
from vrnu and figures. .NtH mor«> than It rnile« Miuth- east stands 
tlie hriiir of Ktgg. with tU burte<l ri%'er~channel and its striking 
evidence that this river UkewiM^ liowt'ti westward, tliough at a far 
later time, when the hasait eru{*tton* hal c'east'd and the lokanie 
|4atlt had la^en alread) iWpi) trfnchol hy ertiaton, but when the 
suhterraueati tires wore not )et t{ueitche«i 

When one retlecU u|mmi the enormous •ienudatioti of this region, 
to which further r^'frreru't' wiU 1m made in the sequel, one 1 * not 
surjfwiaed that mail) ctuintx ting links should have heeii efiared. 
Hie aafoniahmeiit rather arises ihvt so rotidnuous a story' ran still 
lie dect|ilier«vl Kvcti. however, had the urtginal n'r<ml left 

complete. It Would have 1mh>u eactwsiingl) difficult Uf traev the sue- 
craaive niuialiotui of a rtver-chaiiiiel during lung age« of volcanic 
empttons. Nueh a channel would ha\e Itcen coiUT>aM from view 
hy ewc^h Uva-air<«am that {Hfurtni into it, and would not have been 
again cX|ioiwhI save by the very process of eroMun that dcatroyi 
while it revtwtU. 

White, therefore, there is not and iwii nevt-r lie any poattivc 
proof that in Uir fiuiiaihe r«Hx»r«is ul i'anna, Sauday, and Kig| 
•ueceaaive phasew are rt^istc'nel in the hisUiry of iiue single sUwami 
I believe that tins identity is highly probable. It was a rivei 
which rocM;* among the mounlains of W intern Invemoss. shire, and 
bad already taken lU course t4i the sea before any volcanic cTuptioiM 
had hrguti. It cvintmued to flow westward acroea the lava-dooi 
that gi^ually sproad over the |4sins. Its channel was constanlly 
being filled up hy freali streams uf basalt, or dofiecied by the aprim 
of now ctndeif-eoDca. liul, fed hy Um^ Atlantic rains, it maintaiomi 
its a aa wa rd flow until the general subaidettce which carried eo muel 
of the Tfdcanic plain U U»w U>e sea. Vet the higher part erf Ihti 
ancieai watesroauree is no doubt uosubmerged, atUI traversing Um 
achists of the W^eetent Highlands as it has dune since okke Tactinry 
time. It may, perhaps, be recoguiied in ona of the giens wluel 
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mrry Mword Ibo dfmioai^ of Um> diotrkto of Moror» Amoif * ^ 
Ifosdort 

Wbeo oo« tbo grrot |>nwiptoc> on Uie woo Um iido of tlio 
ioUnd of Em!;, which dinpUyit o Ironomoo fM«iioii ooroii tho 
pitchotooo'Uvm with it« hufi^ hrrr^bccl ood tho bOMdt-^toott 
mnderDcoih, thcro m^m* no chonoc of oov further wootwora imoo 
of thie pitchitoiic hetnic ever fooiid. like irunootod end of tbo 
8eiuf front the top of tho cliff out to ooa. ond tho proffoio of 
donndotion mirht horr boon iiitp{w^MHi to hovip ofIVH'luolly dcoirtijrcd 
nil oridctico of the conttnuaUoti o( the rock it; a w««U>rl)r dir««cUaii. 
home )r«ni oico» h<»weTrr* toy fnnul Prof. Ilodtllr, while cruimtif 
nmoQK the lnt»««r Hehndeo, UihIc^iJ u|ion the little untiihohtlod ioloi 
of ilinfrcir, which nMw out of the o|)rti non, M>tne 1.*^ mtlOii to iho 
wratward of Fhjn;. lie at once nT«»|fiufe«l the identiti of tho rook 
compoatni; tbu inlet with that of the ^vuir, and in the year IHP^ 
pnhltahad a brief aixxiuiit of thia inlereatinic dinroYrry. 

1 haTe mjnelf k«een able to land on liinfcetr in too anectwateo 
aumfnrra, and ran entirri) rontirtn Prof. lle^Ulle'n identiHratian. 
The ialrt ntanda on the eastern ect|re of the atibmartne mhee which, 
ntnntni; in a oorth-eaatrrii direriion. culminatea in the utand of 
Canna. llyafteir t* a mere reef or nkerry. rd whn h the top riacw 
ooh li*' ft‘et abore the Ordnance datum leYi l. Ita aurfaer la one of 
hart' ro<*k, aarr where a iih*»f1 but luiunant *»f ifrae*e# ban 

found root on the hiicber parta id two or llifee of lU nditiw. and on 
the old ulorm Uarh of ahtnKle which remain* on the *umimt, ^Hie 
rock undulatea m ImiK h>w nwella Uiat run in a irmirral direction 
to Went of north, and are «eparateil by narrow rhantieU or 
hollow*. 'Hie plai'e i* a farountr haunt of i;ulU. tern*, t'lder dueiui, 
and ftre% aral*. and t* uaixl bi the proprietor of Tanna for I lie 
ocoaaioital pa*turage of aherp or rattle Ni nnmerou* are tbo 
ara'fowl dunnK the bredlinic «w>a*on that the itiHdo|Ci*t. intent upon 
hi# own purtuiU, ma) r^fteo tread uiiawariw on Uieir tiraU. wiiila 
be i* the centre of a rewlhw* cinle uf white wit>|r* and abXtoua 
cnea. 

The piUkiAtone of lltaffetr, like that of la (vdumiiar, the 

edunina Winx irreitularl) fe^iiiconal ami raryinit Irom to 1*1 
inehea in diameter, T>tet are linked *o eloae toffc^her that the 
dotne* of rtuk «m which their end* apfiaar look like n^uncieil maeae# 
nf bonetcomb. They may here aiid there lie fduMirYfwl to ha 
arranitcd radially, with ihnr end* at riicht ari|tl«w U> tlie citfwad 
extenor of the rtdxcw. a* tf thi* external *urfac« re|»r««entad tk# 
ariipnai form of the cooled pitcliau^ne, and were cud due to merra 
denudation. There can he no doubt, howefer. that the inland lum 
haan wall ko-woni« 

At the Dorth*wcaleni proinontory a haautilol exampla of fan-* 
•kapad gnaspiAit of eolnmn* may he ol«*erred on a fane of rock whkii 
dea^nde reftkally into the aea. Here, too, la almoet the oaljr 
aa cti em on which the aidea of the colnnitia may be examioad, for, na 

> A p a eadii C to * A Ttftahraia Paoaa of Aff^Ia and tha laaar IfahrNka 
hy J. A. Hamo-Browa and Thoaiae K Bttekiay. p, 

5a, 2(>6. 2o 



m2 


SIB 1. «BiriE Ojr THB TXStUBT 


[May 1896, 


a role, H k merely their eods 00 the itmnded domes which are to 
be obserred, and which ererywhere slip under the waTee. The 
coltunna in a cliff from 15 to 20 feet high show the slightly wary, 
atarch-like arrangement so oilen to be met with among the 
plateau>baiMilta. 

The rock presentii a tolerably uniform texture throughout, though 
in »omc |»arts it is blacker, more resinous, and less charged with 
parfihyritic eneJosurps than in the general body of the rock. Large 
iHMih feJspam are generally scattered through it. To the nak<Hl eye 
it reproduces every feature of the pitchstone of the 4Seuir of Eigg. 

A microM'opic exnmiiiatiofi c’^impleteti our recognition of the 
identity of these two rc»cks. Mr. Harker has examined a thin 
sli<*e pre|ilred fnim the Hysgeir pitchstone, and remarks r<*gardingit 
that * the large felf«|iars are not the only jwirphyritie element. The 
mierciaco|)e shows the |>rem‘nw also of smaller imiwrfcct cry stals of 
aiigite, very faint grw’n in the slice, and small grains of magnetite. 
The feU{>ani have l>ern dcf'ply romslcd by the enveloping magma, 
and irrf^gular includ»d jmlehes of the groundmaas tarupy nearly 
half the bulk of sohh* of the crystals. 'Iljis bitter feature is seen 
esjiiM'ially in s^nne of the lanrer crystals, which sc^'in to U* sanidine. 
They are. for the most part, appar«»titl\ simple crystals, but in 
pla<Mw there is a warcrly detiiicMl lamrlUr twinning, or. again, small 
imtches not extinguishing with the nmt ; mt that we art- proltably 
dealing With some {(rrthttir intergronth on a minute scale/ 

* leather smaller felspar cry stals are ruundixl by corrmion. hut 
lat k the incliisiotis i«f grotindina«s : the-M^' have alhite- und 
times iMTictifie lameiUtMUi, and nniy U* referriMl to ohgoclase- 
aiidesttir. The gmui dmsAs of the n*rk IS a brown glass w'lih 
jwrlitir rnw'ks, enrb»ing very numenms microlil<w of reU|>{ir al>out 
•tM»l inch in length iifill*/ The nK*k is pndeibly to Iw rr'gardfd 
as a daeile rather than a rhydite, and thus agTi'ois with Mr. lUrker> 
North‘s analysts of the Eigg j»ttch*tonc.* * There is no trace of 
any conglomerate 10 nfu like I hit under the Semr of Kigg, nor of 
any other rxn k, aqueous or igmstus. As the pitchstone everywhere 
slip under the sea, its f^aob^ical relations are entirely conev^ed. 

ilie great variety of materials met with in the torm of boulders 
on Hysgeir is a testimony la Uie frAns{M>rt of erraiuw from the 
neighiiounng islands and the mainland duniig the ttlarial F^eriod. 
The most sbundant rock in Ui<w Uiulders it Torridon SsndsUm#, 
derived, no double from the hilb of Hum ; but there occur also 
various kinds of schist^ gneisses, quarUites, granites, porphyries, 
prt»babl) from the west of Invem e s a s hire, ss well as pieces of white 
sandstone, prohably Jurassic, which may hare come from Eigg. 

That the piUhsione of Hysgeir is a oontiniiatioti of that of the 
Aeuir may \m regturded as htn^ly probable. If not a coQUmialkm, 
ii must he anodMr sueam of t^ same kind, and doubUem of the 
•ama dale. If ii he reganled as prohably a westward prolongakioa of 

* Oomp Prof. Jadd*s fsaurb oa ths aostrof vodk,QMrc Joaim. Oool, 

•ea ret ihrt. (IMI) p SBOl 

« IW,pg:g. 
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IScir roHc.Asd tf H i» mhwi m thkliMiUuit mm at ihawaatani 
«ad oC the H^ir, then iu he»Uooi Ika :iCN) or 800 htH oafler lb# 
ware*. The riTrr-eltoaael ocmpted hr the l^nf pttehiaoti# aa« 
4e#btedlT eloped frota eaet to weoi. *the peetlioa id Hyaneir, IH 
ntko feiihtiir woet, imlicotre « forther fall in the Muae d&roetioii at 
the rate of perhape m* murh «e ttr» feet tn the mtle,^ l-nfoittiiiately, 
howrer* m ao traer of the rieer-hed raw now he aeon oa thhl 
iiUiusd. anj etatnaent in r%*irmrd t«> ita prolon|t»tion mual real on tnere 
eonjeetore. 

lY. Twa Itaaic Hitte. 

One of the tnmt rh^traetenutir atnirtural frattirra in the baaalt* 
plateaux of North western Kurttfie m (he numlter. tht(4aeiia, and 
extent of (lie bufuc mIU or tntruAivr aheeta ohirh aeoi»tn|uiiiy the*# 
pile* of ToUanir matertAi. A* I hare fnnnerl) ahuwn,* the ailla, 
thoitifh ti)e\ m«\ Ite olM»errr<l in any jiart of (he luti«.ilt aeritai, ar# 
more {»artirit!arl\ tieveloitr^t at it* l»<uie, ariit are notaht) tntrrt*daled 
amonfT the S^^tmUrv fornmiion* whu'h underlie ii. In oiUiition to 
the riant pi*'* ahtrh I luttr alrcwlt ile*<'nl»r<J, the followtnif loralitiea 
are here riinl a* affoniing exrrll«*nt iliu*tralit>nA of (hr more 
eharmrtrnatic fraturr* of intniaixe *hiM^t*. 

The raiitrrn roaat of Sktr hfui N't'n rlaaeir frrnuntl for lhi» jwirt of 
▼oleano »inte (hr puMiratiim <*f Mai'*'ulh»rh'» iie»rrtptir>tia 

and (liaiirama. From the month of l^nh Miirathan t«i Uudha 
Hunuh« at the northern end of the inland, a aenm of ailiii may bo 
trare«i, aomelimr* rrownin« the diff* a* a e*diimnar mural e*rar|>- 
meat. «Mtmrtttio*i burrow ins m endle** xrin* and threadu ihrou#b 
the Juraxeir r<«eka, llie horixotitA) diatanee (<» whn h thia liand of 
ailU extend* in Skye i* not far abort of it<» mtle*. Hut il afretehea 
beyond the litntU of tin* oiiand. It form* the Kroup of mleUi 
which prolonir the fre*d<i(rieiij atriiiturr and ti»)>«»frraphtra) fralur^af^f 
Trottemiah for 4 mihw farther to (he north>we«t. It rrapfirara 
1<l mile* atiU farther on If) the Shiant lair*. Thu* it* total rtaihle 
lenifth It fully 4^' milr*. A* a diapUy of loiniaite Ivoeir iipnroua 
rocka it rank* next to the firrat Whin Sill amonif the Itntiah 
iiiataneaa of thia tectonic ttpe. 

The Iaffr<*r aheela in ihta IwjU hare certain charactermtic fen* 
iiircw. They are ncnrrally afumewhat cfiaiwely eryatalline ophitin 
dolerttea or dtabaem, and exhibit the firnnatrnl uniformity of com* 
pMition and atruriurr ao chafarienatir of intruatee aheeia and dykaa. 
ncy dtaplay in many eaeea a rr|rularty prtamaltr arranframetit, th<* 
rolomn* lirtnf much thirker am! brnffor than thoae of the baaaJU 
of the plateaux or thoae of the dykoa and aeina. The refuUrity of 
thia atructure i* well ahowo in the frr#t aiJi of wbkh the fCill Itocik 
k one of the moat noted ponioiMi (fif> p. H74>. Hnt the mmi 
natoniahinir example ta that which forma the fiarhh Kl l enn of ih# 
IQuaot bke« where the aill preamU to the ana a eeitioal coliunAnr 

* Bep^ BriL Aaana fOxhed aweCiag), p, ifi#. 

* Qaen. ioocw Oaol Moc fol txrk (1^1) p M ; Timm Boy. Be# Mhil^ 
eaLsnir (t#Clh>p HI 


2c2 



r«. 20«— Co/vmmir ti// tn Jwrtmu thraim HUi KHmartim, 



tn TnemKT 91 $ 

w»D MO Cm* hjfiL TImmIi I mUd Ml lne» 

to lo|^ oT llio ni«d|4oo» mw if 
Umoi moil bo il kMH MO or 400 fool loof . Ili olhor iBl ia tim 
Britiob l o l o iwli form mob o ooblo oMorfNMii oo Ikk. 

1a oottbrAil to mob ooonootti tbiokaoiooi of iolrooifo ttiloriolt 
iw l ano oi mojr coiM fVom tbo mao boH of «U1* whom Iho molHo 
rook bm boon ii^)o«lod in tbm ookm and aoro llumdo ialo Ibo 
Junmie mndcima ond iholm^ «r into Ibo aboloo oad ooob Uilor» 
oaofiit tbo tdotoou.bnmlUi. Tbti«« on tbo elllT iaaodlololy 
north of Ach no Hannoit, botwoon l^ooh SUitooboii and Portroo 
Hojr» Ibo aootiofi wbicb ta ro^irmotitod in Af. ouijr bo toon. 


Fig. 4^ tAio aWla o%rl ivtoa im oorlonAromO 

aboirfo •m«mj the VUjf oorlJ^ o/ diM AO 

ir/owii f\frtrt* B*ty <iW /kkA 



At tho bane li<*« a rtwiruUr rinI«»nto orith a ulaoiTT •urfam(if). 

Nosi oomott % ufM of M^imontary matonal aUnit /* rtr 0 root 
ibick, tbi? lawiff imrtion <vifMii*ttrtg of an imjmra eoal, whKb poaaoo 
towarda nicht hand trtt«» brf>vo and fr«f)r rartmtiaromiJi a h a lo 
with plant- rrmain* TT»ia rr»*l) lajor ha# baon atmad)r aUtidod 
to aa probably l%tng on tba mma bonton witb ih« eoai of Portroo. 
Traoad nortbwaid, it ta foond to batro a t*ad of Ano iitF bnnaolb It* 
sod loaoiifiiaa a volisank brprcia or ronglofiMrralo. It Alla up roolo 
tn Ibo ondarlytiBC aUggy lava, and vaa nndinibtodly dapcaitlod QpOA 
ibo eooM aurfaco of that rock. Iiaiiiodiat^^ly above Uiia lowor bond 
tho biaok corbonaooooa abalo {*i} vbteb followa baa beam iovadod hf 
on oatraordinary nambor of thin okkao or nilki, and alao b)r voiAO 
or Ibmado of bmait. For a tbirknom of 2 or 3 Iboi tbo btttd 
oonoifla mainly of Iboao tnlroaiona, wbiob, in tbo iMrm of n Aa# 
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grey biMlt, Tiry from low than 1 to 3 or 4 inches in thicknefis. 
They are eeparated by thin partings of coaly shale, and as Aey 
tW to break cp into detached nodule-like portions, especially 
towards the right hand of the section represented in fig. 21, they 
might, on casual inspection, be easily mistaken for nodules in ^e 
dark shales. Somewhat hder in the time of intrusion are veina 
of basalt which, as at c, break across the nodular sills, and sometimea 

T nd into thicker beds (c> 

hare never aeen inch a congeries of minute sills among the 
Tertiary basalt-plateaux as that here exhibited. In a space of 
about 3 feet of vertical height there must be more than a doieu 
foogbly parallel cakes of intrusive rock. Veins (e) run up from 
the chief band of ermtive material into the overlying finely 
vasieiilar tMslt (/). Ine dyke (p) is probalfiy the youigeet rock 
in the aoetiinL 

The amoofit of cootaeb^iietamQrphism effected even hf such 
Hdtk die as thcoe of IVctteniish and Shiant is modi lees than 
might be eqpeeled. It aeldom goea beyond a mere induration of 
Ike etnte I or a Isw mda, dten onk far a few inohea from the 
aarflme of jimetkm. In the fihiant lalea the ahalea on whioh the 
•ilia rest have andergooe a remarkable alteration. They Imve 
been greatly indurated, and have acquired a globular or botryoidal 
•tmoture. The spheroidal aggregates vary from not more than a 
line to more than half an inch in diameter, and appear on tlm 
aorfkoe as dark, trtegularly grouped, pea-liko aggre^tea. This 
•trueture la pethaps best develop^ immediately under the thiok 
sili that forms Eilean Muirhi.' 

(>n the weetem side of Skye, owing to greater local subaidenoe of 
the haaaltie plateau, the base of the volcanic soriea is seldom seen, 
and henee the platform of eills is for the most part concealed under 
the sea. But where at one or two points the Jurassic strata are 
brought up to the light of day, they have carried with them their 
tnlmstve sheets of baste rock. Thus, at the mouth of Dunvegan 
Loeh.the islets of llingay and Clett form parts of a sill which rests 
on sheil-limestone;^ full of oysters (Orirro Ae^ruftea), referable to the 
liooh StaAn group of the Great Golite Series. This rook, when 
observed fiom s little dbUince, presents the usual regularly pris- 
matic or columnar stmeturr so weU developed among the Troiter- 
ntsh sills, but on a cloeer view shows Utis structure much lees 
dUtioctly. It is an olirine-dolerite of medium and fine texture, 
which in thin altces displays under the microeeo|)e a distinctly 
ophtUc atrueture, the abundant light-bruwn augite enclosing the 
striated felspara Its loweet portion, from 3 to 7 or 8 inohea 
upward from the bottom, ia much cloiM^r-texturcd than the rest of 
the rook and is findy amygdaloidal. Its vesicles are in many 
eases drawn out to a length of 3 or 4 inchtw, and the laolites which 
aow fill them look like parallel annelid tubes or stems of LiiAosIrolteii. 
It ia notearorthy also that the elongation of the vestelee has 


* Xaeeallosh, * DesaripUoa of tbs Wwlara itiandi,* voL L (iai9) p. 441. 
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•omotiiiKo ukeo pUco oi ri^t to tlio of oooiool 

viib Um* aii<krl]rin|r ttrmU. Bat iKo mcot romorkoUo fcMOort 
ill Uut fttll U Um »ttrloco which it prcmnu to tho o^wtor-bodi on 
which it roots. The finc^imuiied <Urk dalehto hio ihoro Muaod 
the aspect ckf a shoet oi imii-*laF« with a amoolh or wrinklad, 
IwisUth ropjr surface, which <ii«|4aya htic ourvin^ flow«ltiioa. 
2 (o one iookiiift at a detached aprcimcn of this surfaco would ho 
roadt to admit that it could possihlv bavt^ oomc from an^rthiiif 
hut a true Uva^stroam that dowcJ out at the aarfac«« tlio 
eootoufs of a risooua lara are here procisol) roproduood on tho 
under surface of a masaire sill. 


A little farther south the promontorr of Kiat« which forma Iho 
woslom hreakwator of llooneii Bay. is formed by another impoftaul 
mil or ffoup of sills which haa inamuated itaolf atmitif almioi» ahoU* 
limeotmioiy and abaly iatidsloiiea« full of (Jw$rm MridSm^ O Wo o o 
mroio, olo.* and bohmuinit to the Loch Bladin group of Iho UfOUl 
Oolito Bortos* The ahomMtlilf below the watorfaH atfoeda Iho 


iiolaon gireo in UIttalrottni Ibe mannof In mhUk n 

Iktflk inUiMivo abeot may aomotimoo gWo off iMn mini feom lli 
mnoa. Tbo rook on the |wumonlofy a tidoknili olf 


Fig. 22. — port 0 / mU in Mptmtm Wmismhkf Skjf$f 
tktming lAs ditmymm nf esiMO« 



a. Paloi h»dd<wi dbslf MmUtem# , & \ 

c. IVtAiCftr , di. Sr%xk% pr l Oi wt taf (ntm th« mH LnnfUt of m mii nn m 
uhtmi & ymrtU 


probably at le»at feet, where it ts thickest ami umlirided. Hut 
tho two main sheeU. braorhse td otue fpreat sheet, on this petiinsuln 
bare probably an uititefl depth of more than ItfMi feet* Inndwardi 
the rock spUts up and endosea cakes of the Junmne strata. It 
pfliemri the usual pnsmaUc structure ami doWritic eampoelUim* 
in Moooeti Bay, as shown to if pmsenls a bamled etmeUtffiv 

marked eepecialiy by alternation of lines of amygdules and layem of 
more compect and solid dolenle, with oocasvifial enckeed enkee of 
baked shale or sandstone, its upper surface is somewhat uneren^ 
and from it are gtreo off narrow, wary, ribbondika retne (d)^ thm 
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Im thin 1 to 3 indiei or moro in width, which keep in n 
gonornl ioniio parallel to the iofp of the till, but at a diatanoe of a 
Ufw inchei or feet from it. The till becomes as nsnal fine-grained 
towards the onnUet, the shales and sandstones being indurated and 
the limestone niarmorised. 

Htill fikrfher south the bottom of the basalt-plateau is again 
reached in the Sound of Son, where the rolcanic pile has been 
poured out over the upturned edges of the Torridon Sandstone. It 
IS hardlv |>ossible to exaggerate the wild con fusion of sills, dykes, 
and veins which have been injected among the rocks at and on 
both sides of the unoonformability. Endless sheets of basalt and 
doirntf have forc<Hi their way between the lieddcd basalts and the 
sandstones, while semes the whole ris<« vast numb<*ni of dykes and 
veins Narrow, black, wavy riblions of basic material cross many of 
these veins, while the later north-western dykes cut shar|ily through 
ever}*lhing older than thems«dves. As a natural section for the study 
of the phenomena of intrusion in many of their most characteristic 
phasi*s, I know no locality equal to tlie tiortlicm coast-line of the 
Hound of Son. unbws it l>r the clifis of Ardnamunhan. But the 
Hk}e cliffs, though lens imposing than thow' of the gn*at Argyle* 
ahire headland, have Uiis great ad^'antagi', that instead of liettig 
eaposed to the full r»dl of the open Atlantic, they f»>mi the margin 
of a com|iarntively sheltensl strait, and tan thus lx> ts>nvenieiitly 
exatinnixi 

There is one remaining hjcalitj in Hk)c to uhnh I wish to direct 
atbmtiof), sin<‘e it disnlays icrtain pheiiorni'iia of ^iils which I have 
never mx'ii |x‘rf<M*tli eihibile*! elsi'nlitre. It In's on the western 
side of the pr»»mont*>r% of Hleat, alxmt midwa\ Ix'tw^x-n the liasalt^ 
plateau of Nrathnml and tint r»f Kigg, and alwnit ^ or 9 milm 
in a direct line frf»m either. Tlic ImumiIu cannot U* prove^l to ha%*e 
oni'T strrtehe<l r«»ntinuoush Wtween Kigg and Stmthaini, and to have 
covered tins part of SJeal , but the |M)sition of the nxks which 1 am 
alxHat to dtwrnlM' makes it prolmldr that this rontinuatioo did formerly 
exist. Tlie denudation of the West of Sc«>U.itid since early Tertiary 
time baa l>erii m> stufiendous that 1 am prejiared f<»r aim<ait any 
iecmingly incredihle evidence of its efftxts. Tlier«' canixit beany 
doubt, however, that the nteks of which I now s|tesk l»elong to the 
great plathirm of intrusive sheets, and that they were injected 
under a pile of Herondary strata, if not also of Tertiary baaalts, 
whieh has here Iccn entirrli n*mov<d. 

In his map of Skye klaecnlloch shirwed a small outlier of * trap ' 
on the wsaiteni side of the promontonr of Sleat. The hioality was 
▼latted by Pmf. Judd, who called the rock a * phanolite .* ' During 
an exeuraion last year with my eidlrague Mr. i\ T. (lough, I wm 
•Id# to examine the }iiaor and to obtain the facta which 1 now 
dnacribe. 

At Httdh* an laagaieh, about 3 miles from the Point of Hleal, 
a amall outlier of conglomerate lies on the edge* of the Torriden 


» Qwrt. Joam, Osol Sot vat nsfv. (IffTIS) ^ mr 
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fltiiditoM. Hits dsposit has bmi oomotly idantifiad by PiaC. J«U 
with tha similar strata which in l%ya and alaewbara an the wait 
aaast of SDotland nndarlia tha liassic sariaa. It is bars aboat 
10 or 12 fast lhiek« faddish and yalloiriab in oolonr, and distinetly 
aakaraoQS. Its component pebbles consist lantaly of Cambrian 
(l>iuii«ai)limfatona« qiiartaita, and Torridon Nuidstonc^-<-rcKiks whioh 
aU oemr ia 9iim in Hlaat It may bt' compared with tha limestona- 
aoii|rloni«rata» of Htrath, and those which undarlta tha Lias at Haasi 
on Loch KUhorU' That hare, as alsawhara in this rtarion^ the 
hasamant-cxinirlomarata was fcdltiwad by tha n*fit of the lias and 
Oolites may ha infarrad with siima ctmtldaiia«> from tha eopioua 
daerlopmaftt of th«' Juraasio Sariaa a faw mila* off, both to north attd 
apcith. litii th<‘ whob* Ilf thu orrriytns suomMion of formations 
has hart* baan pwqit awsv, and, but for tha prottH^titm aflbrdsd 

S tha antptitr roak» of Itudh* an lasfraiah, Uta coniflomarata would 
awiar hara disappaaitAl. • 

Abora tha ctinshimrmtia Kami has a shaat of tnlrtuitta rock, which 
in ona |iia<v has afifairantly rut it out, m* as to ra«t dirartly Upon 
tha Tomdofi Sand«t<ma ( u in fis. IfTI, p. HSM. Tha daruy «f tha aohaT 
datntal mak untlcmortih hat aauMirl tha ftil) to hrank off in aliaaa^ 
which hava laft U htnd thorn n l^dd ttiursl aiirarpnirnt. 

Tha rock of f hi« nil ( f* tj* a rather aoafaal\ ary ^tallina p(tr|ihyritic 
idsTina-dolarita, which towards tha north atiatn* a thickness of 
about 7*tfaat. It axhihits tha tistia) ]tn*mati( joint tnir, thottah lass 
parfcatly than soma of the TrottamiAh •ilU alrandv rrfarroil to. 
flaaidas lhas<' vartiaal Joints, if is slso trtircrsmi hv a tjstam of 
bonxont.tl dtvisomal fiiancs which, thoujjh soniawliAf irrtwnUr in 
thair ctiunM*, run. in a ifanaral sense. pAr.illrl to the upfwr and 
under murfar«»s of ttie sill. 

It saams to have liaan alona this transverse series of joiitts that 
a second sill (r>, r» or fret thick. Ims baru mjcrti^l The maisrtal 
of this yottiifrer intrusion is a black, tindy crystalline dolrnia or 
basalt, with mdely iwismatir jotiifinir. It* ni»Mit strikintc fsatiirs, 
bfutdos Its rcff^ulanty of |sjsition and jiermUtcncy for several htindrsd 
yards as a {datform aloni^ tlie shore, U the liasalt^irisaa which marka 
mth its under and upfM'r •orfart*s <»f contact, and which is hsra 
davalopcd Ufioo a scale tha equal of which t have not mat with 
amoftic the Tertiary' sills of this rsmutry. 

Tha salvairr of glass aiqiaam as a Idaak tar dike layar, varying 
Crom a mere film to 2 or d inches in thickness. It is found nni 
only on tha upper and umJer surfaoos, but descends alimg abruni 
ilap-Uka tntrrruptions of the upper surface, a fo^it or mors In 
bciitbt, as if tha siU had baao broken h% a senes of suhsidannsu* 
fba apparent fracture. h<»waver. is prolsahly due to the irragularitka 
of tha paamge forced for tUeif by molten rock, as it pasmd from 
one Una of boriaooiaJ joint to anoUiar through the baart of tha 


Tba axp oa a d surf aoa cd block glasa on tha top of tha younger ciU 
> eW vul. ut. nwm) p 9; «al sitv (ftaW) p 71. 
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exhibit* long ponllci Hum, probnblj tnmrkiiig 6ow«otriieliire, wbieh 
nre made ocm«picuoti« hy * pole yeUow, femiginoitt, womtbered eniil. 
Poitioas of the lorgcr intnimTO obooi hATo been broken off end 
tnrolTfid in the Inter rock. The obeerrer cannot faU to be impreaied 
bj the jprodiirioui force with which the eilit were iiyected, wbmi 
hto eeoe We tiiat a thick sheet of solid dolerite has Wn actnallj 

Fig. 23 , — Heciion of doUriUhoiU nU hy another tiff, both heh^ 
traveroid hy dyku, liudh' an laayaieh^ wmUm tide of Sleat, Skys, 



split ofMjn along the middle. The younger sill disappears to the 
north, and is not found in the cliff of Hudha Charn nan Cearc« 
where the thick till. Ijing once mure on the liand of oonglomerate, 
forms a fine ee<Mirpment alMire the shore. Dykes of ftne^grained 
basalt with tHitnpsci ehillcMl margins rise through l>oth atlls, together 
with ytam which pursue a wavy upward |ifith like strips ofg black 
ribbon. 


Fig, 24.~« froerrsim; hedtUd txuaite^ ^f *S’<rDmo. aC 

the entrance tif the Vatiyof)oM, 



In the Faroe Islands the actual base of the volcanic iwriaa^ia 
howIm^ visible, iirsiee, Uie great lomer platform of intmaSTO 
•baaU being there e<mcealod« this feature of the batalt-pUlcanx ia 
kas oon^notis than it is in the Inner Hidiridsa. A nnmhmjd 
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•ilK bowmr, Imito Imm nolic«d by 
prrriotw aad 1 hmrt men 

olbm on tb« ndoi of Hlfomd, KaUd» 
Kmid, and otbor kbuidt. 

The moot netmorkohlo oil! in tho 
Fnroe ialondi tt probnblj that which 
ferns so prominoAt an object on the 
wastorn ditfs of 8troim». at the on* 
iraoce into the YaairbQ^ (d|cs, IM. 
35)« It is prismatic in aimeturt^. 
and where it mnt along the Ucv 
of the cliffn, parallel to the heddixl 
b as al ts among which it has in- 
traded, presents the familiar oharni - 
ten of such sheets. It runs along 
the face of the precipice which rises 
ahoTc the row of Tolranic vents 
already desrnbed. Hut it there 
begins to ascend the clidTs olili4|Uely 
across the basalts, until it reacht^ the 
crest of the griwt wall of vobanic 
rock at a height of pmliahly alxmi 
lO(Xi feet aWvs the wares. From 
the crest of the priMipice the u|»- 
ward rouriic of tins sill is c<mtiniied 
into the interior of the island. It 
pitnues its way as a line of iKdd 
crag along the ndges of tKii |iU(esti. 
gradually ascxmding till it forms thr 
summit of one of the most |iruftiiiieiit 
hills in the distrieL 

Home further idea of the enormous 
energy* with which tho sills werr in^ 
jected may be formed from this 
example, where the eru|»tive mate* 
rials fediowef] neither the line of 
bedding nor a vertical fissure, but 
took an oblii|Uo course through the 
platsau-basalu for a vertical dis|j»rice 
of probably more than K'VtJti fwrt. 

In hkye a senes of r«tns^^*'hle 
eompfjutid sills occurs wbsrr s i .itral 
sheet of sod rock is overlain snd 
underlain by a U)er of bMic mate* 
riaL 1 have already des cri bed w»me 
examples of this structorr, and will 
etle some others in a later part of 
this paper. 

^ Bm im paKkcalsr tlw dsesriplloa ty 
Tm > s i rsessidAttae.ssdfefb»vaassSy Prof 
JbsMs Ckikie sad Mr tssass eiteady «»tsd. 
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T. Thb Drni. 

I hBTB Httle to add to the foil description already p^en bj me 
of the eyvtem of dykes which forms so important a feature in the 
▼oleanie history of Tertiary time throughoot the North- weal of 
Eorope. It is dtiBcult to establish any criterion of the relative 
dates of prcjtrusion of the dykes ; bat the important fact annonneed 
by me so far back as 1H57, tbat some are older and some later 
than the great acid bosses of the Inner Hebrides, has been fully 
confirmed by more recent research all over the region. So far as 
may be infernal from the geology of the lied Hills of Skye and 
their surroondings, the vast majority of the dykes l>elong to a time 
anterior to the uprise of the bosses of granophyre. As an example 
of the way in which these 1k>ssos truncate the dykes, I may cite 
here a frish illustration from the granophyn* of Ben an Dubhaidi, 
near Torriiuin 8k ve. The Cambrian limestones of that part of 
Strath are trnverse<f by numerous dykes which stop short at the edge 
of the acid rock. As the actual lines of junction are not always 
visible, it might l>e (vmtended that the dykes are not neceasarily 
older than the granophyre, but ma}' actually l>e younger, their 
sndden termination at the edge of the acid boss being due to their 
inability to traverse that r<ick. That this explanation is untenable 
is readily proTe<l by such sections as tliat given in fig. 2fl, where a 
basic dyke tt or 1 (t fex^t broad run- 
ning through the ('amhrian hroe- Fig. 2tl. — of /sssts 

stone of Torrin is abruptly cut <»ff { h\ in i^amhrian limo^ 

by the edge of the great granr^- gitHr <«) tnuteaUtl hv 
nhyre Ihhis of Ben an Ihibhaich. m > uhuh rnrUmt* larp 4 

Not only i» the d>ke sharply t run- hfoclso/thr Torrin^ifiye, 

cated, but numerous piei'cs of it, 
fh>m I to more than 1 2 itieli<*s 
in length, are encb»s*\l in the 
grana|ihyre. 

Mr. Harker inform** me that, 
while carrying on the (iwlogiCAl 
Survey of the district of *straih 
(Kkyeb he has obtaiixH.! data from a 
which it may l»e possible to deter- 
mine certain brtiad distinctions 
between dykes older and those 
newer than the itilmsion of the 
granophyres. If these dislincttons 
are found to bold good, they may 
eventually be applicable to the elucidatkm of the relative agea el 
dykes even at a distance from the granophyre, where nothing bnt 
pMeographioal ehara€ter« are availa)^ as a guide. 

Numerous basic dykes traverse the gabbros and granophyre of 
Si, Kilda, Those in the former group of rocks are more ahondani 
than those in tbs latter — a eiroumstaiioe which is exactly ponllaiod 
among tbs bask and aakl bosam of Skyo, It is not uaprohafala 
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that in Una ranote uUn 4 a atnilar difloronco in ago and in Polro- 
graphical character ma^r be made out between two aeriaa of ajkat, 
ODO older and the other roungfo' than the gratiophjTo, 

The tiale colour of the prectpiora in which Kilda grano* 

|ihm pittiigcii into the aea giret markrd |iromtnence to the dark 
rilmn-like atreaka which mark the coitrae of the banalUdykea 
through that MH^k. lloreoTcr, the greater baUilitj of the mat^al 
of the dykea to decay cauaea them to weather into long Unea of 
notch or rreciw. Four or dre auch d)koit follow eacli other in 
nearly parallel (wind*, which alant upwaitl from the aca^letel on the 
eaatem face of the hill known m t'onacher to a height of aereral 
hundred fc^t ^Hg. h' 

• 

Fig. 'St, — /lojofl'trtii# IrtieereiM^/ yrwoii^iAynr. ♦'Jf! Kiitin, 



Dyke# aU>ur>d jii the Faro** laiat)d*« where lhe\ rut the baaalt* 
plateau in thr mnmr wa} aa they do that fd t)»e Inner Ifehridm. 
(>D the whole, howrfer, they do not pia), in Iheae iif^rthem talaa, 
the impiirtant part whnh they lake in the ge*^dc»gy and aeenery »f 
the latent of Sotland. I have not had •ufbeient ffp|Hirtttntly to 
aacertatn whether (herie i« a general direction c»r #y#letn among tha 
Faroe dyke*. In the tj^^rda north of Thor«haven, and again along 
the woitrni tide nf Stnitno, itiany of them mIiow an eaal -and •-weal 
•trike or one from K N.K. U> W> W, 

Nnmeroua eiamphw of eoinpviund dykea, where a erntral hand of 
Itranophyre or •pheruhlir feUite i« flanked on each anle by one of 
baaic amtenaJ, have rmmlJy heeii met with in hk)e by lleanra* 
Clmtgh and llarker tn the cfmrae of the ge^thivical «urr#y of that 
bland, They will be fuKber noiicad in tbe VIHh aection of ihia 
(wpar. 

* Tkia r a h i t toa (4 ibe laier dikm to ih« franopbyei waa ntwirtad hem ky 
jjaerwHiih^ * DcemptMia *4 Um Wewafw latabda.* v<ul, o < tfll9) p 66. 
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VI. Tub IxTRCftiTB Gabbkoa. 

Home c»f my more recent oheer^'ationB among the gabbroB of Skye 
bare already Wn communicated to the Society.* In conjunction 
with my colleague Hr. Teal! 1 have deacribed a remarkable 
banded structure traceable in theae rocka, wherein the component 
mineralii hare cr 3 *atallixed along different laycra in aneb a manner 
fi« to pretvent a singular resemblance to the arrangement charao* 
teristic of many Arcbiran gne^isses. Further investigation last 
summer has shown me that this banding is extensively dcTcloped 
tn the (^uil)in I! ills. The mountains that surround the bead 
of Jjoch Hcavaig and Hwe<*|> round Loch Coniisk up to the great 
cri^sta of 4^rr na Hanachdich ever}' where display on their bare 
black crags a distinct l>edded structure. 

On the easteni side of L»ch Scavaig the rock prwM iits a rudely- 
banded character, the bunds or Ixds being piled over each other 
from the iiea-)f*vc1 up t^i the summits of the rugged prmpiciis, and 
dipping into the hill ut angles of :!r>® to 115 . Abundant dyke* 
and veins of various ha**ic, interm<*diate, and acid rwks cut this 
stnjcture. The individtuil Infers here, as at I>ruim an Kidhne,* art* 
sometimes wary and puckcrwl. 

Kven from a distance the alternating lighter and darker beds can 
readily b<* si*<*n, so that the bsndi d structure, with the variations in 
its inclination, may followH from hill to hill. l*he regularity of 
the arrangement, however, is often less pronounced on donor 
ins]i**ction. \N bile the gahhro is rudely disposed in thick l»cds, 
indicative of different intnisive shf*ets or sills, with whuh the 
banding is genernlly pnmllel, ronsiderable irTf^gularilies may be 
ohserv«d in the arrangement of the struct ur<’ of individual sh«*eta. 
These she<*ts may U* jiarnllel to «'.-fcch other, and yet, while in some 
the banding is tolerably regular in the direction of the planes of 
the sheets, in others it is much twist4d or inclined it various angles. 

On the western side of the Coruisk river the banding is vertical ; 
southward from that stn*am it iticlines slightly towards the south, 
but soon again YK*eomes rartical, and continues conspicuously so at 
the junrUon of the galtbro with the Torridon SandistoDe* and the 
plateau -basalts on the ^»estem side of Loch Hcavaig. 

In the great eorries and ridge* of the Cutllin Hills traces of 
bedding are generally to be recogoiied, with later sills injected at 
different hortsons and in different directions. Instead of Mng one 
great eruptive Imos, the gabbro of this distnel is in reality an 
exceedinglr complicated network of lulls. redos, and dykes. VHiOe 
the genew indi nation of the bedding Bometsmss continties nntfom 
in direction and amount from one ridge to another, it is api to 
change rapidly, as if the complex aasemblage of intruded maama 
bad been diaruj^ed and had snbsided in dilirmt dtreeCkma, 

The mthhro overlie* the bedded baaalta of the plateau all the way 
fbun Oiea Brittle to the weBtern aide of Loeh Bcaraig. It than 

* Qaatt. Jeaia. Osel. 0Or. vet t (IM) pfs 

* Oe. w ffia and dL esvL 
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iwpwdii oKmptlr ocmt throo bmlto (knd tAm ooroMi tho IWrMott 
BoaifaiUmr, on wiiirli ihrr unfonfbmioHlT rrol. Th<«o two ftrotiiw 
of rotk» orr oot ootr ImnoiCrti ht Uio itAbhro, hai ore iroroi^ by 
Um ioirieote ryrlrm oC oiU*. drkro. osid roinii o)r«ody rolbrrtNl to. 

WhoiT it »bttt» tho MomUtonro otid Iho ffobbro ie 

omiofi!«d to rrrttrol boadfi of dtfforrtit minorol rompaottioD oild 
loxtuTr. Much of it U mi»orh»bly noint* hoim diii|kloriii|| 

f^yroxrno-cryifktAli* morr tK»n on inch in lonytth. Thoro to tio niio- 
IfToinod here tndirottrr of more ropid ooolmg. Ho roams 

toderd, i» thr no'k chMc tip o|t^<n«t the •otttUume thot tho jtiaotioft* 
Unr con horstly lie ««tp(iooed to W the tionnol eoiitoct of the iniruotrt 
rock. Thif inference io I'onftrtneti by the exmleiiec of n oinirillar 
kind of brccrim between the |ttibbn» 4nd tin* ii.»ntl«toiui4^ It tr a 
tumu^tuou^ of frajinnenti* «f iHiiknie and fine mtbbns Torridoit 
Handfttone «nd ShAle. and phit«^u ba»aiu. ii^ p«ie orya* 

tailine matnt of fine irrantiUr |ffanophyn\ Vein* frtmi thi« atdd 
intrusion mn off into the (cahiiro «»tt the one nule aa well an into 
the Torhdon Sandstone on the other. It would iM'eni that Ihia 
junction line haa lieeti one of gretit morement. that tlie gabbrt>« 
aheeta hare «uliatd«*<l nk*ain«C a fault* wall of plateau liaaait and 
Torndon Nandutoue. and that aul»ae«po»ntl\ an iniruaniii of finely 
l^ranuUr frmnophyre hai» come up the fiaatire, utToUinir in ita aaoeni 
frairtneiita of all the matertq^U ar*tutoL 

The rttc'ka for a C/in**! Ier;*hle df«tari<'e to the a<iuth of (heipibhitj 
are intenwdy ttlierwl. 'Phe Torrid* *n Sandat* ne haa U^eii to imlu* 
rated aa to p^M into a Mefie!o'<l white <|tiart/iie. whtlethe ahalea ill* 
teratritified with if hare lieen eofivertinl int<» .i kind of |Mirrelhiiiile. 

But the Herat intereatJOjt altefalioiia are floMW' to idaierreil in 
tbe pUUwu-baaalla which, at a hei^fht of alanit fe<'l alaive Uia 
aea. are to l»e aeen in near!% honront.il aJo^a U that lie iinmediatrly 
on the uptume<i I'djtea of the 'r*»rn<loTi Sindatone. lliiMie lavaa 
hare auffered jfreat nietainor|»htani their alteniationa of amynda** 
lotdal anti mine mmpart »heeU can atill lie ri'eogriiAed, lhou|th Ibeir 
meloaed amyicduleii have in place* lieen alm^Mt efiaertf). "I*h4»y ahow 
ibn dull, indnratral, fplintery ehararlrr. with the white wnathefad 
cmat, which I fonnerlv iWrif^wl a* dmtmciivr of thia type ol 
contact^mHamorphiam, and are trareractl b« niimrroua atlla nnd 
rvtiia of Kabbrtj. No lari^e maaa of {(ranophyre apfioara hore at tho 
aurfaee. W« can hard!) lie mUtaken m |o«Ainft ufion thia alUira* 
tion aa due either to tli« influrnce of the main laaly of tha ipibbro^ 
or fwrbapa more probably to the abumlant aetd ailla, dykew, and 
waina, p^nathly to h<ith raum conhineMi It muat be aiiintUod ibat 
Ibore may bo a ermauierahlc body cd itranophyra umlermiaUt tha 
locality. tb« aurfaiw-di k^a and vrtria Mtfg indie^tona «if Ita rkinliy. 

In my tmnufr memoir f dwelt ufiofi tk« remarkable altoratinfi 
al ilia ptataaU'baaalU a* they afrfimacb the Utk* maaaea df gnbbro 
or fraiNopbyra.* l>ttrinf tbe «amm«t of Mr. Harkirr^ in tba 

* tfaaa toy ioe Bdia vtd. ixat (imv) t» 1417, FfoC. JmM baa w dkffw l 
Iba altawiiM ^ilwfoakatoiotlatafWaatioa <<|aan. ioum Oaol. Soa vottiffu 
JUPCk |ik 34l>. I hat* hmm ma a k lt to d na at aor rrldafiaa of aaab aatiom Tha 
altaratioa ia atwaya tatinwialy aonaaiiMl with llw p i w w tfiia of muaalfa laaiimb 



S86 «m A. woEiB om tmm mruBT (lUy iSftr 

fi '€gnt $ id hif mapping in tlm Stnth distiiot of SQcjOy Imd oeoniott 
lo go oma number of tbe loealitioa (Crea^iao Bnbha, etc.) died by 
mt»an 4 ^ while corroborating my general oondnaiona regarding them, 
}mB been able to obtain mncb fr^h eridence regarding the nature 
imd extent of the metamorphiem which the b^ed baaalte haTe 
undergone. Hie reenlte will appear in dne time, when the cnrrey 
of Bkje ie further adranoed. 1 hare aubmitted to him some eiioee 
cut from typical exaiu]ilee of the altered plateau-basalta ae thev 
approach the gabbro of l/>ch Scitvaig, and he has supplied me with 
the auhjoioed report regarding them : — 

* In handHi]iecimens the beddf^i basalts from the neighbourhood 
of the gabbro of Ix>ch hkravutg [IUU3-(i01^] do not appear eery' 
different the normal basalts c»f this regiori. The moat conapi* 
cttona aocondar}' mineral is yellowish-green epidote in patches, and 
espocially id\he am^gdules. 

* The texture of Uie rocks varies, and the slices show that the 
microitructure also vari(*s, the augite occurring sometimes in amail 
ophitio plates, sometimes in small rounded granuhw. The chief 
secondary change in the lK>dy of the rock is shown bj the augite, 
which is s<M!ti in various stages of c*onversion to gretmish fibrous 
hornblende. Home rimnd {la titbits also to consist mainly of the 
Utter mineral, and an* protmbly {meudomoqihs after olivine. Here 
the little fibres are roniuscHil) matted togt*ther, without the paral- 
leliam pro|K^r to uralite derived fretm augite. No fresh olivine has 
lioeii observed. The felsjiar and magnKite of the basalts show 
little or no sign of nietamorphic proc<*siMw, unless a rather unusual 
degree of cleanup in the fels|mr-cr\'stals is to bo regarded in that 
light. 

* The oontents (»f the mrtam<irphos4'<l amygdultw are not always 
the same. Kpidote is ustially prfseiit in some abundance, and in 
well*«ha|KHl crystals It has a pale citron tint in the slioee, with 
marked pleorhrotsm ; hut a given crystal is not alwava uniform in 
iU opticid characters. FrtH|Uet»tly the interior is paie, and has a 
quite low birefringeiict' : this is probably to Im* regarded as an 
intorgrowUi of x^nsite in the epidutr, and thert* are a few distinct 
crystals of soisite seen in some pUi^. 

* In the slide which Inwi exhibits these feat urea [ tl613] the crystaU 
of epidote are lu |>art enwrap(»ed and enclosed by what are doubt* 
leas teoliUc minerals. At least two of these are to be distinguished. 
One, very* nearly isotropic, and with a |>ale-browniah tint, ta pm* 
bably analcime. Associated with this is a cedourUss mineral with 
partial radiate arrangement and with twin-UmelUtion ; the hi- 
refrtngence is aomewbat higher than that of quarta, and the 


and U aftpels indiisrvaUjr any psH of ihs hasslt-ptstsam wkteh My rhsurs »» 
ks nest to Uiese msMi Tbs b sdktxi la«as csa bs Uaesd step by step fisM 
ihskr ttsyal unatlend eoadiUoo la the plalsaos to Umst mstsaiorpbnsid sIM 
tmH lo Ihs eruptive rusks. Tbs oatuev esr <kyr v of the mnsiaiirakiM bas 
deubtlM aiuieubal tansd wtib tbs ewikiMUoa aad stvanare m tbs ruths 
aiiwod, and wttb tbs ebatuHsr aad aeses of Ibe eruptive Mbsial ; but b Is 
esriauUly aol aouiiud to tbs older pens uf lbs p tsM aa aor lo aa j eippasul 




eptfo tbitieity mlM a mmU Mfl* wHk Iht lvi»» 
ibtw Umi^ dumelm igm willi Uim «f ^yfalilliilt. la Mm 
futB ol Uit MOMi laifaMBjfdaltlil# ffjiida to cry i lal i art laiMM 
it vImU mom It bt a MRfiar. Tbit Uiiar ailaatal b ralW 
tbmrt^ aad twia-laaM^Utn U famlt to bt dtlteltd t bat U i i «a w 
kif^r pftbabit Ihti ftUptr baa him btta <ltt«|ii|NNl by aMda- 
BMNiNiie agtaer al tbo axprnat of aaoltlo* trbirb oaeo oaea^M Ibt 
an^^ub, 1 boTo obaonrf^ oadoohCo^l aiampkt of Ibb ia aifla* 


morpbooed bwolia froai oth«*f porUi of Hbyo. 9. ftom Crtoitaa 
I>UM% noar tho irnifiufibyro-fii«Mi of ibinn Tbo btafair 

oeran thoro in tho unmo fnahion. and ia iho namo rolatloa to 


opidotc 2701 ). In the nonr tboonbod tlio obiaf 

mtaotrml* tri thr mi^tamoriihomi amyirtub* «rr thononlroody atmod i 
othem oerur raoro dpannaly. with thorn. In utmo oninso 

thorr if a frni«airmifi, firtinfcl) arUiadilio^irahlotulay 

aireomiHinird hr a titUr inm |tr nU« 

* and ran«ti« ht»mUoiidto an»l auaitio minofala art 

tharartonHtic prvMlu« U in tho mrUni4»qiht«m of amyadaloMUt haaalla 
in oChof rofcion^ : frU(»ar with thi* m<>(b «*f or«Mtrroru'<* t harr noi 
frtm rini^ in Skyr, whoro it foom* t«t cHiniin^t itnolf naturally with 
thr ahtittiianro of co«dit«<ii in tho amyiriluloii of tho non'motamor|)hoaMl 
laraa. It if to iw itWrvml that in thoao ImmuIu from bxiih ^araif 


thr alteration if fhown offM^'tally in tho amt iftliiloa, ibo bwiy of the 
rook not htnttK in^alJy affo<’to<l. ihU indioat*^ a not rrrr adranoml 
ataim of melamt*rfthi«m. 'Dm pro^luotion of urahtir hornhlomla, 
ratbrr than bri»wn tnioa, frt*m thr aiiifito and it* d'' 0 'im}w>*tfti»n” 
prodfiru foomf to t>o charartrn*lir of tho tnotamor|ihifm of haaaUie 
a* di»tinKtiifho<l from aodiwitio rorkA, and i* wol) illti*tratoil try oom* 
panacif] of tho two iM»ff of lava* noar tho Shap <#raiiiM.** 

A ft-examination of parta of tho fcaldmi mounUinf of Rum hna 
ahown me that, thou];h in a markofl drf roo than in Hkyr* the 
name handed atrtu*iuro mav b <lot4c*rtrd in iho ihiok l»o<l* of filla of 


thiah thoar cminonroa aro rr»ro|riaod. Tho ri'inarkahly aohtaldtke 
boul of tr«>rt4dilo formofly do*i:«rihr€l by mo * lio* h««twoott tfiort 
maiahra ahoeCa that thow a murh ruflrr jiarallol atnietura. The 
whole monotain of Alltral orrrlvinit thia troHoUte ia huitl up of 
finf»aaiTe paralUd fhotifa c«f iraiibro, among wtiirh Ymndntg la of 
frequent ocrummor, the lat era varying from baa (ban an inoh to • 
fec4 Of more in hrradth, and lying ^Nirallel to «*a«'h other and to the 
upper and onibr aiirfaeea of the ahreta tn whtrh they oeeur. An 
oeeMonai exampb of mrralore in the homlmg may he olMorrerh 
CaHnpered with the gabbroa of the f'uitlin Hilla, tboae of Rmw 
dtfpUy a aimUaf but \m^ dHliiite aggregati^m of their eo m pone n t 
mineraU in definite byera or taiiida. In partirular, the py to tine 
and oHeuie* either aeparately or togaiher, are crowded along partb 
rubr ha n d# of darker hoe* whtb the pabr banda heCween thm am 
compnacd eltiafly of blepar. The cryatab or eryelaliina banMila iiw 


* Oaaiwea Tfoae Hoy. 0»ia ftdmh v*4. tag*, (tawt/ p. |IMt 

* Qaafi. ioava. UanI Aoa ««d aha {tmh p Ml. 

* Traaa. Boy. iaa> K dtah , vet p. t& , (|aa»tk ioara HioL iea 

fall i%&Hfp.m 
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**Tl#"rS2«^ tlw pardU atraetnn is tlMM roekaof Bm Oat^ 
quite rMogaueUa ob • veetbend mrflwe wbaie Uie eoa* 
■tittuBt BUDenb era refenled by the way in wbidi they raBpeB> 
tively deoay, it k oAea bardly to be detected on a ftcahly>lMrekea 


The wiiUm and fnore mgged pcH of the itioiid of 81. KUda ' is 
built np of Tsrioiit gsbbros, dolentos« and basalts, travenod bj 
dykes and Toins of stmilsr material. The gsbbros include rocks ^ 
coarse, medinm, and fine pratn, like those of 8kye, which lie in 
sbeeU or fills, but also apparently in large irregnlar]y-sbq>ed 
masses. In one or two places I noticed s faint banding, but my 
opportunities of studying these rocks were cut short by a change 
of weather which neoeasitated an abrupt departure, there being no 
•afe anchorage at the ialand. 1 aailc^ round the coast, howerer, 
near enough to form a good idea of the general struetnre of the 
rock. Like the eorres^Kindtng masses of the Cuillin Hills, the 
Ht. Hilda gabbro arrests attention by its singular blackness of tone, 
varied by its yellow coaling of lichens and its grey omst of 
weathering, while its occasional slopes of dihris are covered with a 
thick bright-green carpet of turf formed of mattt*d sea^pink. 

While the gtibbros of St. Hilda are not a mere uniform bosa, but 
rather a semv of sills and irregular masses which have been 
suceessivelv injt*cted into each other, they have subsequently been 
cut ihroitgli by thelaisalt-dykes and reins already noticed. These, 
which are Mimetimi« as abundant as in the gs'bbro of the Cuillin 
Hills, traverse Uie rock at all angles, and. as they generally weather 
faster than it dmw. they give rise to deep clefts which ascend the 
precipices, occasioning sea-caves below and sharp notches on the 
crests alnive. 

These scenic features, so todicati%e of the geological stmclure 
that causes them, are speeially well sec*n on the western face of the 
Dune or south-western promontoiy of the island, and likewiae in 
the atrangely rifted nreel|accs to the north. They are, however, 
still more impressivrly displayed around the naked walls of the 
neighbouring laletof Ikirrsrat lUiKi fcs»t btgbt, which conatsu entirely 
of gabbro pttreed with dykes, and in tu marvelloua combinattoo of 
spiry rkigas, deep straight gullies, and splintered crests, reminds one 
at every turn of the scenery ot Hlaven and the Cuillin Hills. 

Kowhera in Si, Hilda or its depeodoot isleu ran any eertain 
Iraee be obtained of a rock more ancieiit than the gabbroa. Ho 
gtoai haa been Ibe denndaitoo that the eruptive core of this voleaait 
dtalrkt bus boon reduced merely to a few scaUered klota. If, ns ta 
pnibablo, tbia eore was once sarroittidod and c o v e red by a 
of baaalt, no frigmenl of such a plateau rematna, nnlm w» amy bo 
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luyi MM *1 fRUMpIqrM. TIm jwMilwi af Mm wM^ Wm- 
mimMi f^fMti IP« ^■ i^ | |^^^ ^ ilritiljf oiiti ftw ItiMi S&i» Ppi 
SlE3r«» and y r»f f baf^ all q i ai i lo a Ibal Ika aali mk ll 4|p 
vaaaffar ol Umi Iwa. TW aluuaalafi of lUi jaaatka irtt te 
m llw aoxt iool4<Mi of tlit* |Mi|wr. 

It » lairffoliaa looWerro that, wluk la 9 l« KUda ao nBo of aigr 
baMitto plalaaa ban boaa pnmmd, ta ih« F^mo til aadi ^ oa tka 
otbor band, no oiita baa boon raraaMi hf doiiadailoa Ibal Iba 
Toloaaie plataau of tbal nttoa baa aajr aniptiva vofo of fabhfo or 
of f raoiij^rra. DonnK my entMaa rouad thaaa iaiattibi aa^bfottib 
thoir rhantiaUi, 1 waa oror oa tbo cmiloob btr aay dbforaaoa ia 
topOfti*aphT that maht tn«iirat# thr prmanea of •«>aiy* inraatiro hoii 
Ilka tba aabhro- and armnopbirro-maam of tha Inaar llabrlclra* 
But nolbtnf of that naturr could ba diacarnadi. Kvanrwhcra tbo 
loaf Irrat linaa of tha iM^ldod Imwiita taourtiml op to tha crania of 
the ndfon and the to|>i uf tha hifhaat poaka. Thouah I cannot 
aoiart that no intruntona of ;(«hhr«> or of granoph^rra a«t«i among 
tha Faroe Inlands 1 foal c<*ntltlotit that any nuch matnea whiah 
mav occur mtint lia of (|utta iiinigntdcatii dimcnntoiis and do not 
maka the impt»rtaiit feature ui |(aal(»gy and Ui|M»graphy which they 
do among the Inner ilcbiidm. 


VII. Tub f#ii«aornr«K larnrniffim. 

Haring rwantlj bnmght the nubjrnft of the Tertiary granopbyraa 
before the NiciHy/ 1 nliall ntiitc)tt ni>nr|f in tha pr«eant iiatier 
with an acomiit of noma afidtiiotinl ruamplni of thatr mourfcti o 
and of their rrlatKiim to the other meifibnrn of the rolcatio ncfian. 

tit. Kilda nuppticn frenh c%id^maof much iiiCrriMt in tUi« |iart 
of tha Tolcanic hutor). Ilia ^laitor, in approarhiftK tha tnlaiMh 
(opreiallt from the nfouham or riortliern nid«% will ntHire ttie name 
two iirongly euntranfrrl to|«»gfa(»liirai tauturco a» th^ao* that ant no 
well rabibitad m tbc < antra of nk>a, Abma tha w«ftt«*rn nid« tine 
tb« Idaek ruggafl crag* of g^ibhro 1 he ea*farn praripif**** are |iala in 
eulour, and are eaj»fnd h) nmndad or conical hill*, which hiwarda 
iho interior tend ilown long n^n’m of gray or ra*«et*ootoured 
debna. Their formn are no hk#* thooa of tlic Had llilU of Hkye 
that the geotogmt rm>igniir» tliair true natore and nmpecttve limtU^ 
eten before netting foot on them. 

To liacetilloeh we are iml«t4«d for the ftral good deaeriptiofi of 
the focka of Bc. Ktida.* He tleoriy ideeltfled the pale roek of Ibo 
imwem half of the mUnd with the * nyanite * or gr anoph) re of Hb}0« 
o»»d be Ittitber remarked ibat tt p^uitod morb nwemblanoo lo 
tame parte of the granite of Arrao. Ho obeereed * frafOMHita of 
Unp panetnied by «moe of nyenga,' but ba did noi aoo tboao 

* Oaort. ioom. Onot in« tot t MMM) Mk 

• * Pamnpiinni uf the Wwietw tnkads' vmTu. (IdlPf » H, 
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toAm in fincc^ »n4, in iipite of their Appmnt teatimonj to tbo 
potttoriortiy of the acid intniatona, he waa inciined to beltere that 
the rmnc were not real Tetna, but that the • trap’ and * ajenite ^ had a 
eonmon ongio *nd would found to pane into each other^ ac ha 
thought alfio oocurred in Hull and Kotn. In recent yeara 
Mr. Alexander Hoaahaa rUttcd Ht. Ktida and publiabed an excellent 
account of ita geology.* He collected apecimena iHuatrating the 
eartetiea of gabbro, dolerite, and Waalt, and ahowing the intruaioii 
of the acid into the baaic roc'lu. He wan dia{>oaed to beliere the 
'granite* to be of \ouiiger date than the gabbroa, but krfl the 
t|Ue»tion open for furtber eofinuleration. 

The acid rock whtcli forma the loaatern aide of thia ialand, rarioualy 
termed ‘ayenile* and ‘granite/ wealbera in thick la<l‘iike ahoeta, 
divided *3y tranarerae joinca into larger ijuadrangtilar blocka, like 
many gran^ea. On cloaer itia|)e(‘tion it ia found to reat^aihle still 
more pnciaely the acid ro«‘ka of the Inner Hebndiai. It {toaaeaaca 
the aamc drtiay micro] kcgmat it ic atrutiure aa the granophyrea of Skye, 
Kum, and Hull. The ferT«>-magneaian oonatituenta are present in 
small c|tianlity, hence the pale hue of the stone. The quartz and 
feU]tar projeet in well-U rminalM erjafaU into the drnay cairittes, 
wliich are sometimcai further adortuHl with delieate tufu of clear, 
crystallized epidofe. In many rea{ie4*la the rtwk resembles the 
young graniiea of Arran and the Hottrtie MounUins. 

Mr. Harker a note# on the mirroa4'«»|iir alruciurt' of this granophyre 
are aa followa ; — * The pn^vniling feUpar i* or thtH'lase, often very 
turbid frtim se^'otulnry prt^luH».. Kvin what ap)M'ur to la* distinct 
crystal* are aomettmiw at'eti in thealict^a to la* irivnded in the margin 
by quartz in rough luienignitdiie itiU^rgrowihs, and much of the finer 
intergrowth oeeura aa a fringe to the cryatals. In thia case the 
feU|)ar of the nitcro|iegmatite cun often be ventir<} to lie in ciy stalline 
eonlinuity with the riy‘atal which has s«»rved aa a nocleua 
Quarts occur* in diat^nct matal* and grain* ns well as in the micro- 
{legmatite. Tlierr is a more grarutoid vanet r of the rock, in which 
only a very rude afiprirach to micriigraphic intcrgrtiwtha is aecu 
[tHlVni, In both varieties thc*Te is but Utile trm'c of any ferro- 
magneainn mineral ; the more typical granophyre has what arema 
to be desln»yt*d augite, while the granitoid rotk contains a little 
derp-browu biotite. twattered crystal^grarns of magnetite oocui 
in both/ 

Narrow ribbon-like veios of a finer material, sometimea only an ineh 
in breadth, traverse the ordinary granophyre. Similar veina run 

* Brit Aaaoe, lUp. |ggr> c AbsriWn meHjng ^ p and a much fuller paper 

ia the Proe. la t r rw rar Field Huh *«>! lo i p la this Wurr papei 
a Isitsr IVum Fnd. Judd is qu^aei!. ta which he states that the roeh ■wpposid 
to bs graails * ia aeeti under tlw mie^rtwcofis lu ha a quits digprswl lodl — a 
quaria^iorihs* p. gosns of the afwmmens fnwn M. Ktida roilectsd hj 
Sir. Boas wate ashthvtrd at the merUng ^ this ik»e»iy on Joaiiary S5lh, tfCA 
With fSiard to ihsao. Prof. Jwdd. in the Amrse of the dwruaason am his nspoi 
oa ‘Induamas of Tsetsary Ummts tti the Babhro nf the Cmlha Rttts, 
rmsrhs d Thiiy show a dori toelt imaatsed hy srtna at a light ona;. hm thi 
dark wadi is aat a ga hh ro, and the light roah ta ad a mmcot* Qaaet J aa ra 
GMk8aaLvetallB.ilWlip.l9fi. 
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Ibrooirh the rack of iho Kod H ilU in Sky# : thoy nro aharply doftnod 
Imm tko enolcottig aa if tbo liuior had alfMidy aolsdilM boforo 
thoir intrusion. 

With roicnrd to the miemscofiic strurturo of aoinii ^thiA aliros 
prnparvd from Mr. Itarkor remark* that * the material 

of the rein* i« of a Itpe intermediate between itnutofibjre mud 
mimi^rafiite The chief bulk ta m flnely granular 

aggregate of t{uartx and frUfor. the latter %rrk* tiirldd ; but in tbia 
aggregate are imlie-ilded numennia |iatchee of iiitor«>|»«gtn«iite, oflon 
of perfect and drltcate atruritire. Theae areaa €if mirropegmatito 
ahow tome appn>arh to a radiate or rudely aphenilitic atratoittroi 
and, in aome caeca, are cluntered round aery»ul of feUfiar orc)uarta, 
f^^me granuiea of magnetite and rare Hake# of brown biotilc aretbo 
only other const ituenta of the rock. Although they ti8ial he of 
•omewhat later date, there t« evidently nothing in the |aanigraphieal 
cbaractcm of thc«e Htie-tei lured V4 ttis to iic|ianite them widely from 
the ordinary grarKiphynsi of the region.* 

Three vein* may \*c rompare<i with the apherulttie dyke which 
traveraee the gn»tio|i)nre of Mettll Dciirg at the bend of Ulen 
hltgachaii, and ahirh, though undoulgi««lly somewhat later than the 
rock that contains if, \»'t preikenis the eery same striirttinew as are 
visilde at the margin of ihsit rf»ck.* 'Hie matenal of this d)ka. and 
of the fitter reins of St. Kiida and the IIilU, probably belongs 
to a later |icri<Ki of pr«itrusioii fyotn a dei*|ier unconiiolidatisti |M»rfion 
of the aame acid magma as that wbirh at first sup]ilte<l the geiivral 
btxly of granophyre. 

rndoybU’^lly the mrsit interesting feature in the gratt»»pbyre of 
K. Kilda IS Its jiineiion with the mass of basic ruc k to the Wfwl of 
it. It re<|uire* no tbso* scan h to find is si/a the dark rook with 
acid reins of whi<h .MsrrttliiHh found seAtlerrsI fragmetiU. The 
line of junction lietw<«eri the Imsic and acid masses runs aemaa the 
island fr^itii the u^-stern sole of the chief Isiy to the northern eoasi, 
where it 1 * ra|»<»sr*i in « line of high cliffs. 

'Idle tirarh to the west of the landing-pUre in the Imy is strewn 
with blocks of rariotts cUrk. finely rrystallitie Ikuic rocks, traversed 
by yaaie reins of graieiphyra. At tlie western end of tli# ahtngle, 
the ro<*ks are met with in places forming a line of low cliff and a 
rugged forewhore. lire basic rcM'k consists of ranuua gabbrea and 
basalts of ratber fine gram, profostdy trarersed wtUi reins of white 
grmtiopbyre. Nmie of these reins are 2 ftwi or more tn breadth^ 
and, wben of that sue, show the dielitirtire granular teaUtre atid 
dnisj structure of the maiA part of the arul rock. Hut from thii# 
dimcaaions they can W traord through tfrery alaga of dtminutkm 
uatiJ they beci»me mera thrvmda. Hlnm they are only aa ioeh or 
two broad Ibey asaume a Atiely granular tcatura, like that of Ibo 
rriiM which mo through the hodr of the granophyre. 

The amottut of layected maUrr^ io the dark haete roelui In here 
and there e» great a* In form a kind of hraeeia (Ag. 88, p« 898)» 
which, from Hye eootreat ef tome between iu two coas ti t o m il e, malm 
a oeaefeeweaa ebyeet oa the ebere. The eecUieed Iragmeoti aie el 
• Qmft. deem. Oaot tak euL t (t«H) ^ tSKk 
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all mica from mere grains up to bloeka a foot or more in leiigth* 
They am gf^nfrallj angolar, like rock-diipa horn a qoany. The 
granof^vre here and there aaanmet a darker or greener tint, aa if 
it had diaeolrcd and abaorbad aome portion of the older rock. 

Fig. 28. — IhU ffranofhyrt injectt^ into dark hamlu Su Kilda, 
[Prom a pboCograph Col. Etakh.] 



Thcmgh rlomr in grain where it ctinxHi in contec-t with the gahbro» 
the gnino|diyre new aiwttme* atir ritrrfiu* or distinctly fi]4ierulitic 
teatnrra idong it# margin. A aerie* of thin alire* prr|Mired from 
my ppeeimen* hat been examined for me by Mr. Marker, who haa 
iumiahed the following notea regarding Uicro : — • The liaiialt trBrc*rard 
by the granophyre ia a fine-textured rarieiy, with amall |>orph>ritic 
felapara. ‘fheae latter teem to be naually' unalter^, retaining the 
glaaa-eaWttea which in some of the eryaUla are abundant. Ibe 
gmundmaaa, howerer. ahowa mttierala of meUmorjihii!; origin which 
mnat be derived mainly from the original augite. A brown mica ia 
Ibe moat eonapimoita : but with it are aaaoriated aome browniab* 
green hornblende and retain ebloritte and prrhmpa aerfwtitinoua 
anbMancea. It ia ehiefiy near the margin of a ^gmrnt bamilt 
that the mica giraa place to tbrae mineraU. The baaah alili retatna 
plenty of nnaitered grannlea of attgHe in the eentral pane of a 
trngaaent. If la not ec^rtain that the aecondaiT mtaefnia named 
come exfhmrdty from the angtl e of the baaalt ; Jttd^ng ftom their 
Ibra and mode of o ae n rre n oe 1 ahenld any that ih^ may in pan 
here taplncad olhint or even rimmhie pyrmume. 
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ToL 5a.] ft4«ALT*naTB4rx or loftm^wwnui vmrt. 

^Tbe aotd roek, ihoigrk itjkd gnuiophm abtm, beloaM to 0 
frmottoid rorioty of tliot Kt^P oiui hoa bat UtUo inmootioii 

of aiictofinphic •trucUirM. C^omponDd with tbo olhor fronophjroa 
froa 8t. Kikio, tlmd and oxamincd* thooe osamploa ^ow a Iom 
arid eompoailioo. Thk ta oxpnwiird miiioraloirtoally in Iho prcoonoo 
of a aoiiiewbat laricrr proponioft of friTO-ma|Cfioataii aioorala and 
of aoda-limo frU|tar. foatum miffiit indood bo matohod ia 

manr tionual ftranofihynw amotiit the We»t4*ni liilra« but In tho 
praMmt ca«o it can Itartlly Im* doubted that they are U* bo oaplainiHl, 
at loaat in »onie dc^rt>e« by the arid marina harinit takon up a 
oertaiD aniount i»f material fr(»m tho baaaJt, Uany of Uieao Tortiary 
franophyrea hare utiduulu<ally Wn mtaliHed bv the iiit^orpciralioo 
of pioeea of baaalt and fcabbro, and a r«d)rrttoit made in the 8traili 
dietnrt of 8kye will furniikb examfdea fur fut tire altidy. I'Mf , SolWa 
doiicrt|»Cioo o( •tudlar pheuunietia in the C'arlitifcford^wiiatrirt haa 
already proved the impurtanre of ihu kind of act tun.* In llto 
pro»ocit tiiiilanot\ Utth brown mica and buriiblende mniur plentifully 
tn tbo jn'auophyre, and i^}aHrially round the ba*alt*frii|rmenia. Thia 
latter p^dnt U r«>nrli4»i%*e aa to the dert%‘at)t>n of the Immic matrriah 
and further proviw a certain deg^ree of vtacoaiiy tn the acid macula 
at the time of tu irttniaitifi.* 

On the tiortherii »ide of St Hilda the junrtum-lineof the sranophyro 
rufia up therjtff«, abundant jute Tritm of the arid material alnkinf^ 
off from the main l«*«ly of the rock and lravri*»iritr the dark irobbroa, 

Tlio t<*atimony of the naka of Ht. Hilda to the |amieruinty of 
the g;ranoph\re to the g:«>bbro« and ba^alta i» ibiift «dear and etnphatie. 
It entirel) (Hintirm* my puhlmhed ulMM'iViituma reuanlinfc tho 
order of iiei|uetire «vf tlii««e na'ka m Mull, Rum, and Sk>e. Hut Iho 
hi, Hilda m*cUon» dj«pla) , eten mure «trtktfi|;i) than rati be itatially 
•oen in thoae talaiida. the intrM'ate nrtwi»rk uf vrina which priM'eed 
from the irranophyrr and the ahattored runditiun of the lamte ruoka 
which thiwe rnna jwmeirate. 

I have already ailu<ie<l iu the remarkable aMMariation of arid and 
haaic matenai in numerout d%kiw an well a# iti mhiio ailla tn the 
diatrici of Strath in Sk%«v 1 ftirmerly d«irri(ie«l wime rtampbw of 
Una aaaocialiuii from that diatn* i/ imd many niute have reeetiUy 
been oliaorved and niaptw*^l by Mr. (*|uu|tb and Mr. llarkaf during 
the firof c r ea a of the fi»*fdf>>ftral Survey. The rorijiiru*ti4»ii 
ahowa a ceifitral ami Uitrker band uf ^ranophy re ur •pbertilUic feUito 
with two thinner {wrallel banda of riark inlomirdiate or boaio 

rock. Thu tiipk arrafi|t<^uietft oerura la«th in dyke* and «itla. 

A» an Uluatmtiuii of the aaaoctaiton of the two kind* of rook in 
dy kaa I may etiw the example which ap|i«rara on the aouthoru od|tn 
of Ihv If arkfiC Sianco of Hro^lbrd 1 flic. Sflt, p. 1. Hera the eharao^ 
torialie iriplo armnirenmit la lypioally drveiofwd. A oaolral lifhb* 
ooloorMl ban<l, about u to to fewi bmd, c^maiala of a apborutiUo 
granopb|ta in which the apbomlitaa arc crowded tcfrtbar and pn^jaci 
from the woachrred anrlnca like poaa, tbounh thoy do noi bof# 
•how the mmtm rad-ltko apfroipiiion to markod in mno oChni 

* Tvana Boy. Inah iawf. vot asm. (IflM) pp. 477*MB 

* tmm. Boy. Han Ertnih *«L bcs«* (IM; pt 174^ 
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iflm* On iilliir Mb ^ IU0 miA mite» • namw bainli-^irlc* 
iitirrou m » wall* aexi to tlto Xtoridoft Staditone whtoii km 

^Sr£ teM tIragiMinl tkm^ 

|Md»t to todtcfto Oiai tito dinml b«ad* itl Om djb iif 
MtotiMi to Mik oUmv 
mnectod wriMi «f 
mtortoi frm tm mto 
origbul mgm wUoli was 
andargotog a pta eea i 
diilemtiatioii baoaatli tlia 
temstiial emat Da ilia 
aoairaty, tba aarafal parta 
of aaeli d^ia art aa dia^fiatlf 
fluirkad off iacim oaeh other 
•« thej eoold have been 
bad thiif been iojected at 
widalv aaparated intenraJa 
of TobMIlte aetifity. « Oimnopbjrr^; 44. B^alt; <r<?. Torrl- 

The aame indkation of ^ •anottooe. 

an indenendont orifrin ta 

diaplayed by the roeka whan they form oomponnd ailU, with a 
thick oentral abeet of add matarial orarlaiti and underlain by some 
more baaic rock. 1 bare abown that the poaU^riority of the acid 
aill may aometimea be demonatrated by ita aendinic out reins into 
ilia darker till abore or below iU’ But a more striking proof of 
tbe indepetiden<« of the two kinds of rock may be seen at Huiabniab 
Poinlt in tbe Isir of Haaaay (fig. ^M)). Here the Pabba 8halea of 
tbe Lower lias < a a) are surmounted by a sheet of granophyre (4), of 
which the top has l>ren miiored by denudation. This rock occupiea 
about h s<|uare mtira in tbe aoutbem half of tbr island, where it baa 
meently been mapped by Mr. H. B. Woodward for the Geological 
Hiirrey. It has bcwn intruded acrtMs the Jurassic Heries, a largo 
part of ita mass ooroing in irregularly about the top of the thick 
white aandsUines of lh«- Inferior Oolite. Hut it dea^nda beneath 
the Bocondary rucks altogether, and in sonie places interronea 
beiwoott tbe baae of the Infrs-Liaasic conglomerates and the Torridoii 
Handatons. 

The eoutral portions of this Baasay granophyre poasesa tho 
ordinary atnictures of the corresponding rocks in Skye. They show 
a fine oi^staUine-granular micropegmaiitic base, through which 
krge felafiars and quarttoa are diaprried. But at the upper and 
under junctions with the sedimentary rocks beautiful spheruliiia 
stmeturas are developed. This is well seen on the ahors nraf 
tho Point of Sttiahotsh, whera, below the IJasaie limostocios, the top 
of tbe granophyre appeaia» and where ita bottom is aeon to Ito on 
IhaToitidon BandstoM 



Whm the ofaptive rotk rosta on Iho Pabba fihalos, a banali* 
dyke wbkb mm th rough tboao alrala lama abruptly at Iho Inmo 
at the aoid rock aad ihm paraaoa ita ooniae to one aido aa a aill (e) 


» Itona Big. ito Unh. set a», (iam> |L 174. 
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T«L5 x.} a» aaanhVMaHT nraara. 

MtMMi llw ia4 tW abalw. TImi* KUib 4biM 

HwiMi iMtou ri un lalMartlMn baft w MwI iyi *. k 

iMMi* tOk ikti ti Dii * al tiM iNMiNi at Aa aali Albi iHrik ia tiila 
MMa w aaa aawaak fka aiB irtth tlM aBtaii'ftiMiti'««MUi tta 
mUtnti aiatMlil «aa ■ 



a 


Sotiii* rmniirkahle itluiitriittoti« of the threofolil urmngomofit of 
compound »itU hare rmmtiy Iteoii olmcrrcH) (ind mapped hy Mr. Ilarkor 
ill the Hrimciford diatriet, one of Krf?«t tntereat oocurrtng on tbo 
•bore at Iriahmairi Point iu Proadford Bay. 


VIIL Monruir Voix^ahic Actiov m IcrtAvn, as iLLvatnAttra or tn 
llUTY»KT or TIIK liAaAt.T-PtAIXAlX OP NoHTlI’WlSarraRlI KuHora. 

Beyond the Fiirf>e Ulanda, at the further end of the "WyTilla* 
Thomson ridge, Ufhiih atrelchea acrtjaa the bottom of that part of 
tl»e Atlantic Ocean» another hnaalt- plateau rircsa in Iceland, pre- 
•enting many of the familiar oharaoUrrx of thoae deacrihed in this 
imper, and probably ladonging to the an me geological fieriod. The 
bottom of thoae Ir^lamlic Tertiary haaalta ia everywhere concealed 
under the aea. Yet thidr vii»it»lc» pi»rtioD abowa thorn to be probably 
more than JKKH) tnetrea in thickncaa. 

An fapecial inU*rpat bclonga to thia Icelandic plateau becauae 
volcanic action ta alill vigoroua U|a>n it at the preacmt day. A long 
•eriea of eruptiona ha* tak«*n place thc'ro ainre tbo fllainal PeriocL 
There were likewtae abundant pre-glaetal eruptiona. Ho far iiulred at 
We know, tbore i* no rvtdenoe of any iiiipf#rtant eca aa ttoii of the 
•ahtrrraneaa arttrtty ainoe Tertiary time,* The eaiating voleanie 
pbeaomefM may with probabtitiy 1^ rriraniod aa the aurviral of 
Iboae wbieb were ao widely manifeated over the leelaiidie area and 
the Nortb-wcMi of Eoropa tn the edder Tertiary agea. A eartrfal 
aiiidy of Ibam amy tberelbre be oiprelad to throw Hgbl on Iba 
luaiory of the Tortiap baaaltia pUteoas ; whila. on tbo oUiar iMMid, 
lim tbomgib dtaaeetioft of tbeoe plataant by Ibo donoditHi aganaiaa 
* imddiaitoo Uvia, ioauadi Oaogr. Mag IM, g 441 
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iriBoot famalNibljr b« fonad to «qilain toae parti of the mibt^ 
faaoaa momniia of the ledandie mloaiioei. 

la Oil&ig oUeotton to iomo of tbo aioro obriooi oanlogioi wtiidl 
my bo tra^ betwoon the modeni mad tbo oocioDt Tolcoiiooi, 1 on 
non porticolorly indebted to tbo eioellent momotn of the reoidmt 
l oo l mdie geolagut Mr. Th. Tboroddoon, wbo boo exonisod so lotgo 
o port of tlio iidosid.^ The acoount gioeo by A. Helioiid of tboLold 
oroioro bn likowite been of much oerrice to me.* Among otber 
recent oboerrem 1 may cite Dr. Tempest Anderson/ wbo bn made 
bimaelf familiar with extensive tracts of Iceland, and Dr. Johnston- 
lavis, wbo bn publisbed the narrative of a journey in company 
With him.* 

it is a mistake to suppose that the Icelandic volcanoes are 
general]3rohuilt on the plan of such mountains as Vesuvius or Etna. 
Evidently Mr. Thoroddseri can harflly repress tiis impatience on find- 
ing these two Italian c<4ies cited in almost evert handliook of g(*ology 
as fyp<»s of modem vtilrancHt and their operations. The regular 
Volcanic cone com|josed of alternations of lavas and tuffs hardly 
occurs in Iceland at all. The fundamental feature in the Ictdandic 
eruptions is the pnxluction of fissures which reach the surface and 
discharge streams of lava from many {Hunts. 

TwosysU*msof fissures ap|ieitr to W s{»e<'ially marked, one running 
from south- west to north-east, the other from st»uth to north.* 
Hekla and lutki lH*loiig to the former. The ditihs ations have often 
foUowt«<l the hound.ini»s of the * ht»rHts * or solid hliH’ks of country 
which ha%*c witlo^ttHsi terrestrial dispUcfUiienl. The vast outbursts 
of Odadahraun and M>vatn have almost all issut^l from fissures of 
Uiat nature. 

The violent eruption of in .V^kja found its exit at the 

intenMi*rtion of two liursof ftsMure. large ti«»surf'a were ojiened 

on the surfsix* in a nearly nofih-aiHl-<M>uth dirtn-tion, which could he 
followed fur M» kiUrnictrcw. S»me of them liecame the theatre of 
intense volcanic activity.* 

Many lines of tisaure are tradeable at the surface as cleAs or 
tbiif run nearly straight for long distances, with a width 
of 1 to II yatvis, and of unkiioan de{4h.* IHri'iisionsIly a bsaure 

* 8as in particular hi* paper on the vtdkaaars of N.E. Iceland * ilibang ttU k. 

fivsosk. V<4 Akaii, llaixll. vmI. ut. pi. h vhk o. »im 1 tbsi on iiaaeleU and 

Fatebuft in the sutulleaeal of tlie tsUixl rtf. vitl. tvu. |it. u no liNtil;; 
also papers in tbs iHinsk. Ge»«grsftsk> ToUakrtfi. rule. ui.. uu ^l(!ilO-U6)« and 
in the Verhandl. Oeseil«rh. ErdkumW tu IlrHin. lf*m X 

* * Lakis Krateee <w LavastrvMsinM*,* I’ntverniirtMifOfram. itinstiaata. Iliift. 
9a» Mr. Tbot^aldasos nmtarks on this psper. Vcrhandl. Ussahseh. Knik. 
JBsrUa. I8M. p. 

* Bril. Ansie. Bap. lOiford OMniinf), p. 650. 

^ JuknsUin-laTis. Brut.. Ueogr. Mag. 1IM5. 

* In the Bnasfell promoniory lhe| run asarty snst and wait. There it ifasn. 
Bl bang StansiL Vat Aksd. tlai^. avii. pt li. mx p. HI. 

* Xlmmddsan. sys eil. tot sis. pt is an. A p. 63. 

' On iba vn r tnna nMdns uf ungtn of thaaa rhsitna, saa Tampsat Anteaon, 
BrH, Awnn IWM, p. 6Ml Mr. IWuddaan darmbas a iwuia in tlw 
wwSb of I nr ta nn nanntng 5.K. for 30 knaanstiiiw ««lli a d ap tt i of 13D to 9U0 
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kii not bm eontimmilf ofmiod to tiM oafftfoo. An intMtlfait 
oumplo of iiieli inlmiitiont dmmo It mpiiliod by ^ jmnt rail 
wbldi ftTolbrtb IbtonotinoiitTolutiioof UtninlTSS* TImvioqii* 
Uin of Ltkit eompotod of poUigoiiito4ttff| ttnndt on Um lint of tbo 
diiloaitioiit bat bw not Imn onliroly nii^rcd. Tbo ffamfo bit 
doitd up boncith tbe mountiin, i thoK dittmoi tbovo tbo bottom 
of tbo tlopo, It b shown by tbo position of i oonplo of smiU 
cmtersJ 

Borne fissureo biTO remained mere open ebasms withont any 
discbarpe of volcanic material ; others have served as passages for 
the escaj^ of lava and the ejection of loose slags and cinders.* 

In some instances, according to Mr. Tboroddsen, lava wells ont 
from the whole length of a lissure without giving rise to the forma- 
riuD of cones, the molten material issuing cither from dbe or from 
both sides, sometimes flowing out tran(|ui))y, but ^fftore usually 
giving rise to long ramparts of slugs and hloeks of lava pilcKl up on 
cither side. In the gr«‘at majority of cases, however, a row of i^ones 
is formiKi along the line of the 0|u*n fissure, 'fhtis, on the I^ki 
fimiure, which runs for aU>ut miles in n tiortb«easter]y direction, 
the cones amount to some hundrtHU in tiuml>er. Hekln itstdf appears 
to have lieen built up along a main fissure, with (mratlel subsidiary 
rents on which mws of c<ine» have ls»en f«»rmed.* 

The foniw consist gi»nerall\ of sings, cinders, and hli>cks of lava. 
According to ]i|r. Helland s otHenntions, along the marvellous line 
of the Iwiki fis*ure they are on the whole not ipiite cin ular hut 
ohlong. their ma;«ir axis roincidtng with the line of tlie chasm on 
which they have Wn piled tip. In many places they are r»eec4- 
ingly irregular in form, changes in the dtris tion of outfiow of lava 
or of i*sctt|s* of sU*am having caused the cone* |isrtisl)y to efiaee 
each other. 

As r«-ganis their siw, the cones pn«s4*nt a wide range. Home of 
them are only a f€»w yards in diameter, others several hundred 
^ards. <»eiierally theA arc c<im}rarative}y l«w motitids. tbi the 
l.aki ftssum* s^>me are only a eoufde of yards high ; the tnajorttt are 
much less than yariis in height, and hardl\ one is ns mueh an 

ItHt yards/ And yet these little montieiilrs, a* Mr. Ilclland 
remark*, re|ire*efii the fiifies from which milliards of ctibic metro* 
of lava have issued. While other K*ir*»f»ran volcanoe* form wm* 
ipicitous frafure* in (lie landsea|s% the Icelandic volratMow of the 
l^kt district, frufn which the vastest fifwsls of lava haAc tsstietl in 
modern time*, are so low that they might tweape notice onleo* Ui«y 
were actually nought for.' 

As ibty have generally arisen along line* of As*ure, the enne* am 
lor tbe mmi |aut ranged in row*. The hundreds of eonm tbnl 

' A. HstkfMi. ' iatis Kesieep og Lairs«is«a)ifn*/ p 

* Mr. Tbonsldssa has ohsrrsed iImI in tbs Kryljatws |iisntn«uta, in ih* AW. 
of letlaod. lo fhs so tu dsu e s ot one side m issors. a frjw of hm^ svniefs has 
hMrui tbftawh, kiavtaf thsw •gpas a ts fwrvbtd upon the ap|Wf twist *OhibiM,* 
vat hut. ao. 

^ 4<ibasl4WotavMw iw. ebL p 4A7, 

* Mr. t ba e ad da wi . howsr, ilaM* tbal tbev* ar* about 100 bsUrasa SO and 

lOU atlfWi in bsIglM, * A Ittnuad, ip. sA p S7« 
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mmtk tbe line of the Loki ftemire preoent an extraordinaiy j^nro 
of Toloonie energy of thU type. In other inotanoet the eonet occur 
in gfoopi, tboi^ thin dUtrihation may hare ariaon from the 
irregitlar npriM* of aoatterod renta along a aenea of parallel fiaaarea* 
Thna to the fiorth-eaat of Laid a aeries of old eonca, entirely anr* 
ronnded by tbc laraa of 17H3, lie in groopa, the moat north^ly of 
wbieh oonaiaU of abont'one hundred eaoe^ingly small craten that 
hare sent out aireamt of lara towards the north>north-eaiit.' 

It would appear from Mr. HetlandV oliaerrationa that the same 
fisMure has aometimea been made use of at more than one period of 
eruption. He deacribea armie idd rratem on the line of the I^ki 
ftsaurc, which had l>e«n active long Wfure the outbreak of IT^^L* 

When the lara iaauea from fisaiirea it is tit aueh a condition of 
plaaiteity Ibat it can hi^ drawn out into threads and spun into ro|»ea. 
When the alli|*e over which it flows is aUwp it often aptita up into 
blocks on tbc surface. Where the grrmnd is flat the lava spreads 
out uniformly on all sides, forming wide {dairis as level as a flt>or. 
Thus the vast Uva-d«*sert of tMadahraun cH»veni a plain J'PHO 
a(|Uare kilometres in arm, nr, if the smnll Uva-#treitms north frt»m 
Vatnnjokull lie iticludtd. iM|uare kilometres. 'Hiis vast rtoo<l 

of lava (aliout IT*HI Knglish stjuarc*' miles in extent > would, ar<'<»rd- 
itig to Mr. Thnroddsen. cover iNoiiiiark to a de|>lh of |H fct*t. The 
whole of Uiis enormous discharge has Iwn given forth from more 
than twenty vents situattni for the most part on (Mirallel tissunw. 

Not less striking is the pictnn* of tlssure>«*ru(4ioii to be met with 
at Ijaki'—the ment* of the great la%'a'Ht»od« of • Conceive 

now,* says Mr. Ilellsnd, * theac htindn^s of craters, itr, as they are 
called by the leelatidem, ** iHirgc,” hing one iHdiind anofher in a long 
row; evert one of them having sf*iit out two or more stn'oms of 
lava, now to the one side, now to the other, rndersland further 
that these streams merge into each other, ao as to flow wholly 
round tha cones snd form flelds of lava mihsi in width, which, like 
vast fruien floods, flow down to the country districts, and you may 
form aome idea of this remarkable region.* * 

In Uie course of time the suci'essive streams of lava poured out 
upon one of these wide volcanie plains gradually increase the height 
of the ground, while prtwrrsing its gr Derail v level aspect. The 
looae alag^nee of earlier eruptions are rflfaiHsi or swallowed up, at 
one lava-eiiwam follows another. Eveutually, when, by the opera* 
lion of running water or by flseure and auhsidence, trmnsverso 
•ecUoiie are cut through thcee lara*aheeU, the oheerver can gene* 

' A. HsUand, * Lakis Krmters og l.araftn*mNMi/ p 9ft. * ^ ^ 

* Op. (pa. p tH. Mr. HrlUad allcir* thieknesi of 90 m st f f s lor 

Ike mess of lava wkwh ts m ed ta Ishi* stmoMML. one bO ktUsas tr is lasarlyftO 
enitm). the other 4ft kl l om H rm (akoMt rnilmi Umg . tis esttwelrs tbs total 
eolaem of lava disekaigsd ta lh» I7H3 eeuptioa at 97 mitlmnls of eakis ta i tw a, 
eaua) to a kloek 10 kilmiMirai (0 miWe 370 yards) keif, ft kdometras |9 mllm 
100 yards) braad, and ftIO m ttr ts (1771 lm«) kifk ; sp. p 91. Mr. The- 
foddsea remarks that iks oldsr mtiamtai of Ike volimm of lava db r karf s d hf 
lids srepUoa kave kma gr sa ll y mafgsraied. Hs noli the area sotfgt d Iw lava 
at ftOft seea t e kilm as tr esk aad Ike otenaats at ISf selm kileessttia (TariiaadL 
OmstMTiwik. Bmfla. lOKp Mk 
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roily notice onlr horixonul bcdii of Ioti piled one abore another, 
hichidiuf the dykea eonnected artih them and intercalated manaea d 
kaiae ala^« that remain as relice of the old eratera* 

In aume pbeee the lara hae gmdualiy built up upon ita parent 
fisaure an enormoua dome, haring; a gentle inelination in every 
dirertten, aa may be aeeti eapectally in the district between Flodcme 
Hkjiilfanadjot and Jbkul^k. Iltiat of the large mlcmnio pilea of 
North In'Utid are of thia nature. The highrat of them ale 1^>9 
and 14ul raetn'* high by fn>m 0 to 15 kitomelrea in diameter. 
The eUt|»tiral crater of the highcat of theae eminettcte meaaurea 1100 
by melrea** 

There ia atiU another feature of the Tt'eUndic voleanie regiona 
which may Itc Cited an an interesting fwraHet to the mH|Uenee of 
eruptive dim hnrgea among the Inner Hi bndi's. \Vhtl% the main 
majw of the luvns ia more nr lean bimic. many of thetn iMMiig true 
baaalta, they have l«e<*n at difTermt times pierctsl by intruaioni 
and outHoara of mtieh more arid liparitfsi. uri<l even of grariopbyre. 
Kxampleii of lhi*ae r»»eks of t*oat glacial agf* have recently been 
traced on the gnntmi bt ‘rbofisbiwoi/ and their |»etr^>gfaphieal 
chamrlem have la*en uludnsl by Karkatrom.* The wnlr tlisfribulion 
of such rtH'k* all over the islnml. their oreurrmcc th ts<»Utetl Uiaaea 
among the morf* imstc Uvas. and their remarkable internal sinicturea 
have ties'n noted by aeveral obserxem.* 

It will thus Ih* io*en how entindy the modern lolranie eru|»tioiia 
of Iceland agree with the phenomena presenir<l by uiir Tertiary 
baaalt-pUteaux. It in ti* the liTrtaitdn* of tUnnre eriipliomi, and 
not to grt'^t central coni|a>site wmes like V'e*ii%ms or Ktna, that wo 
mUAt b*»»k for the mo^lerii annlogiea that will U»nl serve as oonitnett* 
tarr and expUnation for the latest vbapter in the long Voloanic 
history of th<' Itritish Isbti. 

IX. Tiia FACtrs or tw* TijiTKArx. 

There can be no doubt that oonstderable alterstioiis of level hava 
taken place over Uie vulcanic areas of Nortb-wmiteni Kurofie ainoo 
tbe eru^iiiofM that produced the Ijasalt-plateaux. Tlte mere fact 
that in many plaera the lower memtiera of thiwe U^rmetnal lavaa 
have been submerged under the sea ma) be taken to prove a subsi- 
dence there since oblrr Tertiary time. Along the western coast of 
hkye this depmenon is well shown by the almost entire noneeak- 
mentof tbe i^ttom of the nlalesu under the Atlantic. In tbe Kama 
lahra tbe subsidence has advanced still torlhar, for not a trace of lha 

^ Tkasaddwm, Bibanf till avsssk Vst. Aksd. IIsimIL tot sit. fS. li, mx ft. 
PD. 11* 155 ^ ^ 

* Fotsw Kuiekbolm K«.«vlissdl. tol. am < IMiJ ) p. DUi , Bihasg ttrsndl 

Tst. Aksd Ji«a4l t#4. stu. { iHif i pi, n. p 151 , Usask Tnisikr. tot slU, 

f fit hss ale# fumMl psaks of (pMsho aed kvmklsts of tlie mme reek 

hrosabi down frooi Ike FslsiapiAiifl TW gskkro rssfs opus kasalt. aseaie la 
hr tis vj rss i s d with frseopkjrsa sad *• est ky d^kss of hpurvlei U Is fmmkM 
kw Mr. TkseeddUss se k etcwgmf to the olds# iWtisrv rnmm aad la eeaur asa- 

' kshly ta iht asaw way as ths a s a ka B i of Mad tsp eii, a. 35i. 

* Uash F4asw iioiik ho l a i riakaadk ««i tiiv itABl) p fyf. 

* flos ta aarfisulBr C. 1l^ Mff kiiii itl , g u s sia . iMatiik. ami CMMl 
mL xaink (mA) p 797* 
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«iid«rlriiif phdiam oo wbicb th« b^Mlte rmt moBim «bm v»t«f . 
1 b IceUiwI* too, tho eompbito Aubaergefico of tbo bmte of tba 
Tortsaiy foioaoic tboc^U poinU to tbe vidcopraul ttibakleiioe of Ibat 
ngiofi. 

Another fitron^ arprutnent in faroiir of oooaiderable •nhaklenee may 
be derived from a oompariaon of the •obmarine topography antb that 
of the tracts above oea-leveL It U ob%ioua that the same forma of 
contour at tlioee which are oooa|itcuou» on tbe land are prolonged 
under the Atlantic. If we are correct in regarding tbe valley • aa 
great linea of aubaerial eroaion, their prolongatsona aa Qords and 
aubmarine trougha must be regarded aa having had a aimilar origin. 
We can thus carry down the surface of erosion several hundred feet 
loa'er than the line along which it di^ap|iimrs under the waves. 

I know jio locality where this kind of reasoning is so impreosively 
anforood ufgm.the mind as the western end of tbe Srutr of Eigg. Tbe 
old river-bed and iU pitehsUme terminate abruptly at tbe top of a 
great preci^iico. Aaauredly they must once have continued much 
farther westward, aa well aa the sheets of basalt that form tbe main 
part of the cliff. Yet the si^a in front of this truncated face of rock 
rapidly deepens to fully 5(Hi feet in some places. Had any such 
hollow existed in the volcanic period it would have been HIIchI tip 
by the long-continued out flowings of Imualt. We can only account 
for this submarine topogrnpliy by regarding it as having lieou 
carved out, iogetlier with the t<»{iiigraphy of the land, at a time when 
tbe level ojf the latter w as at least 5(to feet hightsr than it is now'. 

Tlie auliatdenre which is thus indicated along the whole of the 
NoKh-west of Kuro{*e prolmbly varied in amount from one region 
to another* We seem to have traces of such an inc<|unliry in the 
vary ing incltnalious of different segments of Uie liasalt -plateaux, llie 
angles of inclination are almost always gentle* but they differ so much 
In dire<;tion from isUnd to island, and even among the districta of 
the same island, as to indicate that certain portions of tbe volcanic 
plain sink rather mure than cither fiortions. 

Thus in tbe Faroe Islsnds, where the bare cliffs allow the varving 
angles of inclination to he eaailv determined, a gtmeral gentle dip of 
the basalU in a s^mtb-easteriy direction has been noted by previous 
nbsarvers. This iudtnatton, however* is replaced among the southern 
ialands by an e(|ually gentle dip towanis the north-east. The 
neofre of depression would thus seem to lie aomewbefe about Sandd 
and 8kud. Tbe highest angle of inclination which 1 noticed any. 
where waa at Myggetiara, where the baaaltsdtp EXR. at about 15^. 

Though 1 have not observed anr frntnrca among the hasalt- 
platranx that can be compared to ihe mnarkable rifta and snb* 
aidenees of Icndand* it can be ahowa that thm pales of volcanta 
matarisl have nndonblcdly been fractured, and that portions of them 
have sttbaided along these Unra of dtslocalioo. Cmlul examination 
of iha basalt eanafymsnta of the Inner Hehrtdea dieoloaas the 
entatenee of nnmetmia fanlla wbkh, thongb generally of anmtl 
dkidmmamt^ ne ver lh ales a oompletely break tbe continelty of all 
the mka in a pieoi|4ce of 700 or 1000 Ibel in haigbt. Sot 
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Mdi dklocoUoiit fire rirr lo olote In tlio rliih. 8om 
ftood lilu^lnitiaiMi of thU footuro may bo noticed on tlio noriboiti oido 
of Uio iolond of Coniifi^ wboro the bi|theiit of Ibo prooi(»i«o hoi 
boon Oaonrtd by a nenoa of dialorationa* haTinir o bade towarda iba 
weal and a tbrt»w whteb may in »^»ino caara amount lo nboni or 
25 f<eal« Tb« ramulaliTc offtret of tbia avatom of fauitinf^ aombinod 
with a gentlo wc*iitoHy dip>, ia to bntig down to Iba aao^loTol 
upper band of congloni%«rala which farther eaat liaa at tho 
lop of the cliff. Again^ the haaalt-eaearpment on the waalom aide 
of Skye, from Dunvamtti Head to Ijoch Eyiicirt, ia Irararaed by n 
numWr of amall faulu. <^n the eatitern aide of Skye and in Haimy 
a aertoa of faulty iM»ine of them haring |«erha|ia a Uirow of aaeofol 
buodriHi fwt» hfia Ueti nmp{>ed hy Hr. H. If. WcMalward. 

The largfMt fli^locttion oli*erTi*d hy me among the fnyrmenta of 
the baaalt-plateaut im that which runa at the l»ark of pio Horven 
outlier, in the wcat of ArgyU^hire.' It runa from the head of l«oeb 
Aiine to the mouth of I^och Suitart along the line of ralley that 
eontaina the aalt-watcr fjonl I^och Teneua and the freahwater lakea 
l>>ch Ihirinemaat and l/Mdi Arienaa. While the Oetarooiia depoaiti 
and the bottom t»f their torrlying baaalU riae but little ahf>re tho 
aea level on the aouth-aeMtem aide of thia line, they are pert?hed at 
oulliera on biUto|Mk on the north-enatern aide, where they riae to lUfK) 
feet aWir© the aea. Tlie amount of rertieal dtapinremerit here 
proliably exce<*da 1 «hh» Tlie fault runa in a north- waaterly 

direct ton, and haa ohrioualy be<m the guiding inHuence in the eroaion 
of the broad and deep valley which marka tta cviurae at the aurfnre. 

To what extent the dialixaitiona that iraverae the Tertiary liaaalta 
of the Inner I!c*hndea are to \m regarded aa comparable to thoae 
which tn lc?eUtid have been referr«Hi to aiilaiidenre cauaed by the 
tapping and ouidow of the* lower atill liquid parta of lara-iihi*eta 
muat matter for further eni(niry. S«>far aaiuy own oliaerrattona 
hare yet gone, the fauita do not a**cm explicable by any mere auper- 
ficial action of iht* kind aup}Ki»rd. Where they deacetxl thrtiUgh 
many bundrrtla of feet of auceeaatre aheota of baaalt and dialorata 
Ibe Hreondary' rocka untb^mearb, they muat obviuualy bare btam 
produeod by much more general nnd de«*p>aeated cauaea. 

It Ml eonoetrable that, if tlnrae dialof ationa timk place during iba 
Tolcaotc period, they broke up the Java-pUina into aectiona, aoma 
of which tank down no aa to learr a rertieal wall at the aurfaoa 
on one aida of the rent, or even to form ofien * gjaa,' like thoae of 
Iceland. But it ta noteworthy that the lUaurea which hare hewn 
Iliad with baanll and m/w appear aa dyktai, oom|Mirmtiralr aaldom 
abow any diaplaoamaot in tba ralatire lerela of ibair two aldaa. In 
laelaiid, alao, tba grant Ura-etntUtng ftanoraa aaem to ba in ganaml 
fraa from marked diaplarofoeot of ibat kiint 

Tba f a u it a tn iba ftinar llabiidaa, ao fSar aa I bnra obaaread« nra 
nil noimnl, and indicata noibtof more than gentla aubeidanoa, Bui 
among Iba Faroa lalanda I bar# come upon eeearal inilMpaaa of 
ro%aficd lanlie, wbkb, to apica of Iba gi^Ua Incitnaibna of Ibo 

* Tiagiaab ««# aotiead by tmntrdtm tbe ddb of Iba lauud of 

Midi, and fe» reimrad le la my m mm mf a li widy aiudL 
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bsMiltot probablj poiot to mnoh more Tigoioiis dieplooement within 
the temetrid emut* 

On the emterD side of Brind 
a faalt with a low hade runs 
from aea-krel up to the top of 
the diir« a height of sereral 
hundred feet. It has a down- 
throw of a few yards, but is a 
reremed fault, as will be seen 
from fig. «11. Anotber similar 
inatanoe may be noticed on 
the north-easieni headland of 
where, howerer, on the 
the basalts appear 
as if they ^ad lieeii driven u|>- 
ward, a ponioti of them havinf^ 
la^n pushed up into a low an h 
(fig. 32). 

When the Tertiaiy ImsaU- 
plateaux come to Ir. worktxl <#ut 
in dci^iil, many cxampliw of 
dislocation wilt doubtless W 
<d. Wo shall then 
more of the amount and 
of Uie terrestrial dis- 
turlianres which hare affrct4‘d 
h’orth- Western Kurojie since 
older Tertiaiy' time. In the 
meantime evidence enough has 
been a«idueiHi to prr|>an< us fur 
proofs of Trry iHmsidcrable re- 
cent dis^daceineiits even among 
regions of mstalliiie schists 
like that which has been disnifded by the Slonren fault abore 
alludcfi to. While the stud) of the Tertiary* rolraiiic rocks demon- 
strstrs the vast general denudation «>} the country since older 
Tertiary time, the proofii that those r»»cls have Wen tauhed ac«|aire 
a special interest in relation to the origin and evolution of the 
topography of the regton. 

X. Tma Errxen or DxKrniriojr. 

Among the more itnpreasiTe losaons which the basalt^platcwQg of 
Kortb-weatom Kuropo leach the geologist . the enormotis oroaton of 
the aurfaeo of this p^ of the eonlinental arm aanoe older Tertiary 
time takes a foremiwt place. He may be rmdr almost wit hoot 
qumtion to aoeept Ibr evidenee adduced tn favour of a vast amount 
ii dbniidattoo among fueh soft and loeobrrmt strata as those of 
the older Teftiary lormatioiis of the Boutb-tast of EngUnd. Bat 
lie is hardly piwpafed for the proofii which meet him among tha 
MrUKwraatarn iska that such thick masses of solid Tokama radka 
hawa bean raaotad during lha same gsokgieal iatertaL 


Fig. 31. — IU%ferHtl ftndi m Ih# 
eatiem buU of Svimo, Farm 
Jolei. 
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YoL SS.) A4AAL1WPL4TBAUX OF SOKHI-WnnUUf KUBOPK. 

To goin tome idea of the amoaiit of tlii* waato wo moot, in the 
ftrit plaoe^ picturo to our mindii tho oztont of ground ovor whieh tho 
Utm were poured* and the depth to which they worn piled upon it 
Whether the now iaolated haaalt-plaieauz of Britain were once 
united into a continuous plain of lara may nerer be aaoertainahle. 
It ia quite certain that ever}* one of these plateaux waa formerly 
much more extenaiTc than it U now. for each of them preaanta aa 
ita terminal edge a lino of wall formed h\ the trunoat^ ends of 
horixontal haaalt-aheete. And there seomn no improbability in the 
assumption that the whole of the gnvit hollow from the centre of 
Antrim up to the Minch waa flooded with lavas which Bowed from 
many rente between the hills of ancient crystalline rocks forming 
the line of the Outer Hebrides on the witit, and those of the 
mainland of Si'otland on the cast. * 

The depth to which some pvrts of this long hollow^ere over* 
dowid with lava eiWHuh'd IhiOO feel. The original ino<}uahtics of 
surface sort* buried under the Vidratiic niateriulH which were spread 
out in a vast plain or senes of plums, hk«' those that have been 
deluged by modern eruptions in Iceland. Owing* however, to a 
general hut unequal movement of stihsidenre, tht» lava-fields sank 
down here and there i4>. ]>erhapM, tin extent of sevi^al hundml (uet, 
so that the old land>surfa<'e on which they lu^gan to |M»urcd out 
now lic^ in thou*’ pUc<<s Udow the level of the se.i. 

1 have shown that even during the volcanic iwriod* while the 
lavas were still flowing from time to time, erosion was in antii^e 
progrt*fis over the surface of the volratm plain. The litiruHl river- 
chatifiel of the S<*mr of Kigg. and tlie n^eords of water-ai'Lion desenb«Hl 
in the pn*Mutt j»a|»er, prove that rivers diwceiidiiig from th< mouti- 
taiiisuf the Wf'^tern Highlafi<ls i arrunl the di tntus of these uplands 
for many mih*s acr'eet the luvadiehU, Nwept away the lcH>se materisl 
of volcanic coiu-m, and cut channels for themselvos otfi of the hlack 
rugged floor of basalt. 

The erosion thus tvirl\ Isgun has probably bo<*n camrti on 
ooiitinuousU ever since. The prewuit streams may be hs»ke<I ujion 
as practically the same as X\vms which wrte flowing in the Tertiary 
period. There ma> have Uvn slight rhanges of level, nsrillations 
both upward and downward tti the relative |>ositjoris of land and 
sea, and ship mgs of the waterc^iurses t4» one side or other, but 
there seems no reason to doubt that the existing Isisali • plateaux* 
which were built up as U'rrestnal areas, have rfmaiiMsl land surfaims 
With little inti*rmisston e%er since, although their lower |M.rrt4otis may 
have been to Urge measure suhmerge<l. 

In the existing valleys, fjords, and sea-straits by which thisia 
plateaux have h^o so deeply and abiiiMlafitiy trenched, we maF 
raeoguixr some of the drainage-lines traced out liy t he nvera which 
flow^ across the vol^nic plains. The results achieved by ihU 
proboged desudaitoii are of the moat stupendous kind. The 
ortgittiiJ lava-floor has been cut dowrn into a fragmentary tableland* 
Hi^rsdi of feat of aoUd rock have boon removod from its genoral 
attfflMo. Ontliect of it may ba aeon aoattaced over tho moustalai 
ol Momm, whaiioe they look into the hoart of the HlghUnda* 
Otlmca aap Iho htUs of Rom* whore thoy fimo the opmi Athwitk, 
Q.J.O.& ]lo.88fl* 2 a 
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Fir iv»y horn Uie min lK>dy if ibi pkiiiii la fikya, a aolitey 
ffamtaii pmbid oa the highaet iimiaiilt of Riiiay» bom eloquent 
iritnflM that the baealtic t^leland once stretched ibr to Uie eaat of 
its p raae a t limits. 

fcoie of the Talleys thas ezosTated oat of the Tolcanic aheeti are 
many miles loiig» a mile or more wide, and, from mat to bottom, 
sereral thousand feet deep. The deep winding eea-locbs of Mull and 
the west of Bkye form striking monnmapts of ibis part of the waste. 

Yet, tmpreesiTe as are these proofs of denudation, they are perhtpa 
inferior in thia reapeot to the eridenoe famished in the same region 
hy the groat oores of gabhro and granophyro. These emptive maaees 
must onoe hare lain under a thick pile of basaU, for they obrionaly 
belong to part of the deeper-seated mechanism of the volcanic vents. 
Yet of tha vast overlying mantle every trace has been stripped off 
from many^ theae oores, while in others mere patches of it remain 
where they were welded U> the intrusive boeees by the heat of 
eruption. 

Moreover, the oores of gabbro and granophyro have been inter- 
sected by abundant dykes which reach the present surface of the 
ground, even up to the crests of the mountains. It is certain that 
the uphae of tnoae thousands of dykee could not have taken place 
eaoe|it under cover of a great depth of rock now removed, for othei^ 
wise the basalt uould have rushed out from the dssures at the foot 
of the hUls and ftUod up the valleys, instead of rising between the 
ftssure-waUs to the summits of the ridges. Not a single vestige of 
any lava-aitiiam younger than the gahhros and gratiophyres has yet 
been diseovertHl, It is quite possible, {}erhs|M even likely, that the 
post-granophyre dykes did l<\sd to the outfiow of lava here and 
there at the surface. But any proofs of such emission hare been 
utterly destroy « h 1 in the extensive degradation ahicb the plateaus 
have undergone. By this process of reasoning we ran dememstrmte 
Uiat valleys in Skye and Mull feet deep have lieen excavated 
out of the Tertiary vulcanic aeries. 

Among the Faroe Islands the evidence of erosion ta, in aome 
raipeeta, even more atriking# 1 shall never forget the first impreaaUm 
made oa my mind when the dense curtain of miat within which 1 
had approaehed the southern end of the archipelago rapidly clearsd 
away, and the sunlit slopes and precipicses of Budero, the two Dimooa, 
Bkuh and Saado, rose out of a deep blue sea. Each island sherwad tla 
prolongation of the aame long level lines of rock-terrace. The ew 
at once aetaed on those rock-features aa the dominant elemeni m 
the geology and the topography, for they revealed at a glance the 
true atmetnre of the iUan^ and gave a meaeure of the amomit 
and irregitlarity of the eroaion of the original hoaalt-plalcaii. And 
thii firat impreasion of stupendous degradation only deepened aa one 
advanced faHber north into the more mountainoua group el iaienda. 
Probably nowhere else in Europe is the potency of denudation aa a 
fimt o r in the evolution of topografhtcid features ao marvelkniMy 
and inatmetively delayed as among the north eaatem membeta M 
Mie Fmoe gronm wade mig^it have been ee gigantie i 
roelEi, enoh aa granitea and gahhrea, or 
, lika tba Lewkdmi gaeiat, Bal in 1^ 
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1h» «Te gumok detect aaj detnm-linc by which to ortiaato tto km 
In the nortlHetitern part of the Faroe Idea, howeter, we hoiiimw 
bare of bare rook are oontinaed from cKff to cliff awoea the deep Qorda 
into the a4)oiiiing ialande, Thoae terraoea afford not onlj a demon- 
ftration that eaet hoUowe hsTe been czoarated out of one great 
volcanic plateao, but also a measure of at least the minimum 
amoont oi material so removed. 

Availing oarseivea of these datum-Iinea* we easily peroeive that 
in many parts of the Faroe isles the amount of voloanio material 
left behind, stupendous though it be, is less than the amount which 
has been removed. Thus the island of KsIm) is merely a long 
narrow ridge separating two broad valleys which are now occupied 
hy fjords. The matorial carved out of thfwe valleys would make 
serc^ islands as larger as Kals<». .Vgain, the lofty ufeeipice of 
Ifyltng Head, feet high, built up of bedtiod basalts fVom the 
summit to below sea-lcvel, faces tht* north-wewtem Atlantic, and 
the sea rapidly dtH*{M^ns in front of it to the surface of tlie submarine 
ridge to Ak) feet beloH. The truncaicnl ends of the vast pile 
of basalt>shfH^ts which form that loftiest sea-wall of Kurone hear 
testimony to the c<»lrmsal demidatton which has swept away all of the 
volcanic plutc^au that once cxtciuU'cl farther towards tht* west. 

Nevertheless, enormous as has lie<»n the waste of this plateau of 
the Faroe Islands, me tns) still stmieof its ternwlrial features 
that date back probiihl> to the volcanic ]H*nod. Kvcm more distinctly 
than among the Western Isles <if N'otlatid, me may recogni/ct* the 
position of the original ballets and trace some of the main drainage- 
lines of the area when it fonm^d a mid(* and contimioiis tra<'t of land. 

A line of wiitershH cun Ik* follnmcd in a s<»uth- westerly direction 
from the custertt side of Vidcni, a»nis*» Il<»ro to the centre of Ostero, 
and thence hb the Sund arr«iss Sfr»»mf» and Vang»». Fn»m this line 
the fjords and baileys diverge Utm’ards the noith-wesi and south-east. 
There cannot he any d»>iihl that on the whole this line corres|ioiids 
with tbs general trend of the water-|iarting at the time when tbs 
Tertiary stn^ams wera Homing over the still cimlinuous volcanic 
plain. Considerable depnmsion of the whole ngioii has since then 
sanl the sea up the lower and wider valleys, converting them into 
Qords, and isolating their interreiiing ridges into islands. 

The topograftfay of the Faroe Islands seeuis to me eminently 
daaerving of careful study in the light of its geological origin. Thera 
is aseurcdly no other region in Florope where the interesting tirohlftmi 
presented by this subject could lie studiori so easily, wbere the 
geological •tructure is throughout so simple, where the eomhined 
infloenees of the atmosphere and of the sea could be so admirably 
mrorkrd out and distioguished, and where Uie imagf nation, kindled 
to rothuaiasm hb' the omtemplalion of noble seenrry, could he eo 
eonelanlly and ttnpmotisly fontrolM tij the a^'nirmie obeenraliea 
of aaeeruiaahle fact, 

Dfsermtog. 

Thw PiMMorr, aftier cemplimenttng the Author on the filirenme 
ei the ezpottiionof his views, said that hvm hie deeenpUone we not 
awW ^tMMB a view at thorn old vcJoaaie vcAle and iavmAowa. Imi 











